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DECEMBER, 1958 
Wire and Strip Gauges 


HERE are numerous standard series at present in use 
for the basic sizes of wire, sheet and strip, and 
attempts are being made to reach some degree of inter- 
national standardisation. In the July issue of B.S./. 
News, Capt. G. C. Adams, Chairman of the B.S.1. 
committee dealing with this matter surveyed the present 
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some of the specialised wires will always have to be 
purchased to separate specifications : examples of these 
are the wires used for wire ropes, at one end of the 
scale, and the fine wires used in instruments, at the other. 
The bulk (as far as tonnage is concerned) of the wire 
purchased is, however, for such purposes that standard 
sizes would be suitable. 

A comparison of the various existing and proposed 
gauge series shows that there 


lating interest and obtaining yoo is quite good agreement be- 
the views of all kinds of users jf We take this opportunity of extending i) tween the gauges in the 8.W.G, 
of these products. A good ‘> to Readers our Cordial Greetings for .. and B.G. series and those in 
initial response resulted and ! the Festive Season and Good Wishes ® the LS.O. mm. series, so that 
the October issue of B.SJ. ¢ for the Coming Year " for some purposes products 

i one could be interchanged 


News contained an analysis of — J 
the replies received. The Insti- i 
tution would welcome further comments, as in considering 
the revision of the present standard on wire and sheet 
gauges, as widespread a series of opinions as possible is 
desirable. 

In the United Kingdom, the S.W.G. series is used for 
wire and for non-ferrous sheet and strip, and the B.G. 
series for ferrous sheet and strip. This division is not a 
hard and fast one, as instanced by the use of S.W.G. for 
stating the wall thickness of some steel tubes. In the 
US.A., the Brown and Sharpe and other series are 
commonly used, but a new series based on the preferred 
number series in inches has recently been introduced to 
replace them. The metric countries have used several 
different series in mm., but 1.8.0. (the international 
standards organisation) is about to introduce a mm. 
series from 0-02 to 25 mm. based on the 40 series of the 
Renard preferred number series. 

The standardisation of a number of series such as the 
foregoing is a complicated problem, since their use is so 
wide and varied. There is, however, a general feeling 
that the present situation is unsatisfactory, and there is 
much support for some degree of international standard- 
sation, on the grounds that there are too many series in 
current use. As many as eight are quoted as in current 
demand, apart from non-standard sizes, and this makes 
the supply of material, particularly in small quantities, 
subject to much delay and expense. 

The bulk of sheet and strip is produced without much 
regard to standard sizes, as such material can easily be 
obtained in any size, provided it is ordered in substantial 
quantities. There is, however, a growing tendency, even 
on the part of big buyers, to use standard material 
wherever possible : in the case of those firms engaged in 
small-quantity production, the need for standard sizes 
Is great, particularly where supply is obtained through 
stockists. Even when standard sizes are established, this 
will ouly be a first step to a standard product dimen- 
sionally, for matter of tolerances will then have to be 
considered seriously, for several users who have already 
passed! on their comments to the Institution refer to the 
difficulties with regard to tolerances. On the wire side, 
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with those from the other. 
Here the question of tolerances arises, and for products 
where these are necessarily small, this interchangeability 
may be impossible. Some users feel that there is already 
sufficiently close agreement between the British, 1.8.0. 
and U.S. inch series for interchangeability purposes. 

In reaching a decision on the proposals to revise the 
present British Standard on wire and sheet gauges, three 
possibilities must be considered: (a) leaving things as 
they are, in which case we may soon be the only country 
using our present series ; (+) adopting the U.S. inch series 
as the main series for general use ; or (¢) making an effort 
to persuade all inch countries to adopt the 1.8.0. mm. 
series for general engineering use. Of those whose 
comments have already been analysed by the Institution, 
three favour no change, although it appears that S.W.G. 
is regarded as the only series which should be used in 
this country. Eight favour the adoption of the U.S. inch 
series, and several are strongly opposed to any com- 
promising of the in. lb. system of measurement. The 
adoption of the U.S. inch series implies the use of parallel 
inch and mm. series. Eleven favour the L.S.0. mm. series, 
in addition to two who are already metric users. It seems 
that several of these would really prefer the U.S. inch 
series, but consider the L.8.0. series is more expedient for 
the sake of international standardisation, many of those 
recommending the 1.8.0. series do so on condition that it 
is also adopted by other inch countries. The varying 
arguments put forward emphasize the desirability of ob- 
taining the views of the widest possible range of industry. 

No change could be made overnight, and it is almost 
certain that the present gauge series would continue to be 
used indefinitely for certain common products primarily 
intended for internal use. Furthermore, the adoption of 
the proposed new series would, in the first place, add to 
the confusion by increasing the number of series in use. 
But the ultimate clarification of the situation would be 
worth the interim difticulties—or would it ¢ The answer 
would undoubtedly be * yes’ from those mainly con- 
cerned with exports and those who find the present series 
inadequate. The Institution would like to know your 
views. 
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Russian Steel Research 


A SMALL group of Russian scientists, led by 
Academician Bardin, Vice-President of the Soviet 
Academy of Sciences, has recently been visiting establish- 
ments in this country to study iron and_ steel 
research in Great Britain. A tour of some ten or fourteen 
days was planned to include visits to the British Iron and 
Steel Research Association’s laboratories in London, 
Sheffield, Swansea, and possibly Normanby, together with 
a number of works visits. The arrangements were 
made by B.I.S.R.A. in conjunction with The Iron and 
Steel Institute. 

Steps towards closer and more detailed co-operation 
between Russia and Great Britain were taken when a 
British team visited the U.S.S.R. recently to study 
Soviet research on steel technology and related subjects. 

This visit arose out of earlier and broader exchanges 
between iron and steel delegations : after the visits by 
representatives of the British Iron and Steel Federation 
in 1955 and 1956 and the return visit by Russian experts 
in 1956, it was felt that exchanges between more 
specialized groups would be valuable. 

The chief object of the recent visit of the British team 
to the U.S.S.R. was to study the organization of iron and 
steel research in the Soviet Union. The team, which 
went at the invitation of Academician Bardin, Vice- 
President of the Soviet Academy of Sciences, was led by 
Sir Charles Goodeve, Director of B.I.S.R.A. He was 
accompanied by Mr. W. C. F. Hessenberg, Deputy 
Director of B.I.S.R.A., Mr. Anthony Post, Assistant 
Secretary of The Iron and Steel Institute, Dr. K. Irvine 
of The United Steel Companies, Ltd., and Dr. 8. Pleman- 
taski of the Ironmaking Division of B.I.S.R.A. 

The team spent eight days in the U.S.S.R. and were 
treated with the utmost friendliness by their hosts, who 
gave them all possible assistance. In Moscow they 
visited TSNIICHERMET, which is the Central Research 
Institute of Ferrous Metallurgy, and the Baikov Institute, 
which is the Metallurgical Institute of the Soviet 
Academy of Sciences, and other research organisations. 
Outside Moscow they visited the experimental factory at 
Novo Tulsky, about a hundred miles from the capital. 

The visit showed that iron and steel research in the 
U.S.S.R. is being carried out on a very extensive scale, 
and is roughly comparable in standard with similar 
research being carried out elsewhere. The outstanding 
feature is the speed with which results are applied. This 
is especially true of continuous casting, in which the 
Russians are certainly ahead of most other countries. 
Their research is going ahead rapidly, and in addition to 
the five plants already operating commercially, two new 
plants are in an advanced stage of construction. One 
of these is being installed in a new works which will have 
no primary rolling-mills. 

A great deal of work is also being done in Russia on 
vacuum-treatment of steels to remove dissolved gases. 
In one simple but apparently effective process that has 
been developed, a 50-ton ladle of steel is de-gassed in 
10-15 minutes by two-stage pumping; the power re- 
quired is about 250 kW. This process is being used for 
steels for transformers and aircraft. 

Continuous casting and vacuum-treatment are un- 
doubtedly the highlights of current Russian research, 
but the team saw highly interesting work being carried 
out on such subjects as ultrasonic grain-refining of 


264 


castings, electrostatic lacquering of blackplaie, and 
electron-probe analysis. 

The visit has confirmed that the Russians are a force 
to be reckoned with in iron and steel research. As 
would be expected, they are ahead of the U.K. in some 
spheres while we are ahead of them in others. The way 
has been cleared for further and more detailed exchanges, 
which will certainly be to the benefit of both countries, — 

B.C.A.C. Bulletin 

THE words “ automation ’’ and computation em. 
brace a wide and rapidly growing field of activity, in 
which there exists a considerable number of more or less 
specialized divisions. Each specialization may engage 
the interest of several organizations and one is faced 
with the question “‘ How does one keep in touch with 
everything that is going on?’’ In an attempt to provide 
an answer, the British Conference on Automation and 
Computation has introduced the B.C.A.C. Bulletin 

One of the most important and useful features of the 
Bulletin will be the list of forthcoming meetings. In 
addition, other matters of interest in the field of the 
B.C.A.C., originating both in Great Britain and abroad, 
will be reported. Such items will include details of the 
activities of the International Federation of Automatic 
Control, membership of which has recently been taken 
up by B.C.A.C., announcements of forthcoming inter- 
national conferences, and the like. 

The Bulletin will be issued bi-monthly, and its cost to 
individual members of member organizations of B.C.A.C. 
will be ls. per single copy post free, or a subscription 
rate of 6s. per annum. Copies will be available for 
purchase by others at a cost of 2s. per single copy, post 
free, or a subscription rate of 12s. per annum, post free. 
Requests for individual copies, or subscriptions, should 
be sent to B.C.A.C. Bulletin, c/o The Institution of 
Mechanical Engineers, 1, Birdeage Walk, Westminster, 
London, S.W.1. 


International Powder Metallurgy 
Glossary 


To assist the development of powder metallurgy in 
various countries of the world, the journal Metal Powder 
Report will include, as a special supplement to forth- 
coming issues, a glossary or list of definitions of all 
important terms used in powder metallurgy. 

It is intended to publish this glossary in all the princi- 
pal European, Asian and African languages, including 
Afrikaans, Arabic, Chinese, Hebrew, Japanese, Persian, 
Russian, Turkish, ete. It is being prepared, in each 
language, by a distinguished scientist or technologist in 
the country concerned. 

Metal Powder Report is published monthly by Powder 
Metallurgy, Ltd., Berk House, Portman Square, London, 
W.1., England. Vol XIII commenced with September, 
1958. The annual subscription is £5 5s., post free. 


Translation Payments 


In order to avoid the inconvenience of securing U.S. 
dollar exchange, Henry Brutcher, of Altadena, Cali- 
fornia—some of whose translations are listed by the 
British Iron and Steel Industry Translation Service— 
has appointed an official agent in this country. Orders 
should still be addressed to Mr. Brutcher, but payment 
may be made in sterling to Miss E. K. Willis, 10 Went- 
worth Road, London, N.W.11. 
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The Development of Beryllium for 
Nuclear Reactor Applications 


By G. C. Ellis, B.Sc., M.Sc., F.I.M. 


Alomic Weapons Research Establishment, Aldermaston 


There is a considerable interest at present in the use of beryllium as a canning material in nuclear 

reactors, for which purpose it has attractive nuclear and high temperature properties. Its use in this 

field presents formidable development problems due to the difficulties encountered at various stages 

in the chemical and metallurgical processing of the metal. In the first part of this article the author 

discussed the demand for beryllium in this field, toxic hazards, and the initial production of the metal 

from the ore. The second section dealt with the production of ingot and powder metal, fabrication, 
and mechanical properties: the possibility of improving the ductility is considered here. 


(Continued from page 250 of the November issue) 


Metal Physics Approach to Higher Ductility 

HE preceding sections on fabrication, joining and 

mechanical properties have indicated the com- 

plexity of the ductility problem of beryllium. Let 
us now consider the solution of the problem via the metal 
physics approach. Marked suecess has been achieved in 
recent years in America in the metal physics study of 
commercial purity beryllium. The study of single erystal 
deformation and of the orientation of fabricated poly- 
crystalline metal has explained certain (but not all) of the 
property anomalies of beryllium. It has also permitted 
the preparation of sheet of high longitudinal and 
transverse ductility (up to 40°,, elongation), which is a 
notable achievement. 

Au extensive study of single erystal deformation in 
compression'® and in tension’ has explained the room 
temperature brittleness and the rapid onset of ductility 
with initial temperature rise. As distinct from hexagonal 
titanium and zirconium of similar crystallographic axial 
ratios to beryllium, slip occurs in beryllium only on the 
basal and the 1010 prismatic planes, and twinning only 
on the 1012) plane. In the polycrystalline metal of 
random orientation, basal slip is predominant, since the 
resolved shear stress for basal slip is only a quarter of 
that for prismatic slip (Fig. 14). Basal slip inevitably 
leads to kink formation, which causes basal or 1120 
fracture. Kink formation and 1120 fracture are also 
caused by twinning. Extensive slip without fracture is 
possible on the prismatic planes. Increase in temperature 
to 500° C. (as seen from Fig. 14) causes a marked reduc- 
tion in the resolved shear stress for prismatic slip, and a 
slight increase in that for basal slip. The rapid increase 
in ductility with initial temperature rise is, therefore, 
attributed to a decreasing tendency to basal slip and 
fracture, to an increasing ease of prismatic slip, and to a 
decreasing ease of twinning. At higher temperatures, 
pyramidal slip also occurs. 

The twin peak ductility curve (Fig. 3) is still not 
completely explained. The rise from €00° to 800° C. is 
attributed to the onset of pyramidal slip, and the decrease 
from $00° C. to intergranular failure. The cause of the 
significant decrease in ductility from 400°-600° C. is 
still uncertain. It suggests to us at A.W.R.E. the 
occurrence of precipitation hardening. In this tempera- 
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Fig. 14. Effect of temperature on the critical stresses for 
(0001) slip and (1010) slip. Stresses shown are critical 
minimum applied stresses (Smin 27min.)* 


ture range, several peculiar phenomena have been ob- 
served, among which are the repeated yielding of extruded 
ingot, alleged allotropy, a twisted grain deformation 
structure, and the onset of intergranular fracture. 

The average composition of the commercial purity 
pebble metal ingot single crystals used by the Americans 
was 98-8°, beryllium. It is necessary therefore, to 
determine whether higher purity would tend to eliminate 
room temperature brittleness in the metal of random 


orientation, and to improve the transverse ductility of 


the fabricated metal. This could conceivably come 
about by a reduction in the resolved shear stress for 
prismatic and basal slip below the stress required for basal 
fracture. It is also possible that pyramidal slip could 
be made operable at lower temperatures. 

A study has also been made by the Americans of the 
effect of extrusion variables (i.e. temperature, reduction 
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Rolling Reduction Ratio 
Fig. 15.—-Relative number of basal planes parallel to 
surface of sheet versus rolling reduction ratio. Ex- 
truded powder flats rolled at right angles to extrusion 
direction. Reduction ratio defined as initial thickness 
(thickness of as-extruded flat) divided by final thickness 
of rolled sheet.* 


ratio and cooling rate) on the texture, structure and 
longitudinal properties of the extruded metal. It is sig- 
nificant that this has failed to improve the longitudinal 
elongation of extruded ingot (2-3°,), and has equally 
failed to eliminate the inconsistency of the elongation of 
extruded powder (5-20°,). The higher ductility of the 
powder appears to be due primarily to its finer grain size 
and to its marked fibrous structure. 

Particularly noteworthy is the success claimed by the 
Americans in the preparation of ductile sheet of commer- 
cial purity pebble metal (powder and ingot) by the 
fabrication control of orientation, so as to permit 
maximum prismatic slip in both longitudinal and trans- 
verse directions. Hot extruded powder flats possess 
basal planes parallel to the extrusion axis, with basal 
poles inclined at 15° to the cross direction. Fig. 154 shows 
the effect of rolling reduction in the cross rolling of 
extruded flats, on the number of basal planes brought 
parallel to the plane of the sheet. A peak value occurs 
at 8:1 rolling reduction. Fig. 164 shows the effect of 
cross rolling reduction on the longitudinal and transverse 
tensile elongations. In both directions identical peak 
values of 40°,, elongation are attained at the 8: | rolling 
reduction. The ductility in the sheet thickness direction 
is not known. High two-dimensional ductility values 
are also claimed for similarly produced ingot metal sheet. 
This cross rolled sheet is stated to withstand moderate 
cold forming operations without cracking. It must be 
emphasised that these achievements with the commercial 
purity metal are attributable to grain orientation and 
structure control ; the further in:provement in ductility 
to be expected by the use of higher purity metal is still 
unknown. This warrants investigation. As mentioned 
previously, the Americans have not attempted to apply 
the principle of fabrication control of orientation to tube 
forming techniques. 

Problems are also posed by the unusual recrystalli- 
sation behaviour of beryllium. Thermal restoration 
after working follows the normal processes of recovery 
and recrystallisation, except that nucleation and grain 
growth are confined to heavily deformed areas. This 
makes it difficult to obtain a uniform, fine grained 
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recrystallised structure in fabricated ingot meial. [p 
addition, annealing is stated to have little effec: on the 


as-worked texture. High temperature annesling at 
1,000°-1,100° C. can, but does not necessarily, improve 
the lower ductility values of the extruded powder. 

The same problems with respect to fabrication and 
inadequacy of transverse properties do not arise with 
commercial purity titanium and zirconium. These 
metals, unlike beryllium, exhibit (in the lower temper. 
ature hexagonal forms) prismatic and pyramidal slip, 
with no basal slip. They also exhibit profuse twinning 
planes. These increased modes of deformation permit 
relative ease of fabrication, with little anisotropy of 
mechanical properties despite a pronounced fabrication 
texture. The problem with beryllium is attributable to 
the combination of restricted modes of deformation and 
marked orientation on fabrication. 

At A.W.R.E. it is thought that the metal physics 
approach to the ductility problem of reactor beryllium 
should be pursued along the following lines :— 

(1) The development of maximum properties in 
commercial grade beryllium by improved metal 
purity and the fabrication control of structure and 
orientation. 

(2) Confirmation of two-way ductility sheet prepara- 
tion, and the determination of its cold forming 
ability. 

(3) Application, as far as possible, of grain orientation 
control to tube fabrication processes. 

(4) Determination of the effects of improved metal 
purity on single crystal deformation characteristics. 

Metal physics provides a realistic approach to the 
development of acceptable ductility in fabricated beryl- 
lium for reactor use. It must be emphasised, however, 
that possible success via metal physics in the fabrication 
of ductile tube or sheet only partially solves the fuel 
canning problem ; the complete solution requires equal 
success in the joining of the fabricated metal without 
the loss of carefully developed fabricated properties. 


Purification Approach to Higher Ductility 

In contrast to the encouraging progress achieved in 
recent years in the metal physics study of beryllium, the 
purification approach to improved ductility in the metal 
has been studied for at least thirty years, and, so far, 
without success. In the remainder of this section we 
shall discuss the evidence for the embrittlement of 
beryllium by impurities; the reason for the lack of 
success so far of the purification approach, and _ its 
usefulness with respect to large scale metal production for 
reactor application. 

Pure beryllium has not been prepared. Its properties 
are not known, and therefore, its inherent ductility is 
still open to conjecture. The earlier suggestions were of 
brittleness attributable to microscopically visible inter- 
granular oxide (Sloman, 1932!'7) and to low erystallo- 
graphic axial ratio (Raynor 1946'*). The latter theory 
has been disproved by the more recent evidence of the 
high ductility values of high purity titanium and zir- 
conium which possess axial ratios closely similar to that 
of beryllium. Sloman’s suggestion was discredited by 
the brittleness of polycrystalline beryllium which ex- 
hibited no apparent evidence of intergranular oxide, and 
by the brittleness of the single crystal metal. Pugh'*, 
A.E.R.E., in 1955 suggested that the inherent ductility 
of beryllium is relatively low, due to the low bulk modulus 
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and the high shear modulus of the metal. On the other 
hand, at A.W.R.E. the view is held (by analogy with 
titanium and zirconium) that the brittleness of present 
quality beryllium is attributable to interstitial impurity 
atoms, causing lattice distortion and inhibiting slip and 
possibly inhibiting twinning. This would account for 
the properties of the polycrystalline and single crystal 
metal. Recent evidence, however, has shown that Slo- 
man’s original suggestion cannot be completely ignored. 
Electron diffraction studies carried out by Scott and 
Wilman'® (Imperial College) in connection with A.W.R.E. 
have shown the existence of intergranular oxide films in 
cast and in extruded cast beryllium. The position 
remains, therefore, that the beryllium lattice may be 
brittle either inherently, or as a consequence of the 
presence of impurity solutes, and that further embrittle- 
ment of the polycrystalline metal may be caused by 
intergranular oxide films. 

The final settlement of this controversy will require the 
preparation of pure beryllium, and the determination of 
its properties in single crystal and in polycrystalline 
forms. This has been attempted without success by 
many workers in the past. Pure beryllium preparation 
has been attempted by the direct reduction of pure 
compounds, but, more often and more successfully, by 
the purification of the ingot quality metal. The tech- 
niques used in the past according to both methods could 
be improved upon. In the direct reduction of beryllium 
compounds, greater emphasis on purity must be laid. 
The main difficulties to be overcome relate to the stability 
of the oxide, the residual halide content, and the high 
reactivity of the metal. Ingot purification has been 
tried by three methods. Four attempts at the Van 
Arkel iodide technique have failed due to container 
reaction'! 17-20. Zone melting has been tried, but, as yet, 
without the property evaluation of the product. There 
have been eight attempts at vacuum distillation. Unfor- 
tunately, no single attempt has tried to overcome the 
three main problems involved—the complete prevention 
of oxidation ; the removal of the more volatile metallic 
impurities, and, the collection of the distillate in quantity 
and form suitable for true property determination. Thus, 
the complete purification of beryllium has not been 
attained, and the tensile properties of the purified metal 
never determined. This remains to be accomplished. 

There are three lines of evidence in support of the 
theory of the embrittlement of the beryllium lattice by 
soluble impurity atoms, probably of the interstitial type. 
In the first place, there is the analytical evidence of a 
relatively large impurity content in all of the beryllium 
prepared so far. Kaufmann’s distilled metal in 1950 
contained 0-2°, oxygen, apart from other impurities 
(including a total metallic impurity content of 800 p.p.m). 
The solid solubility of oxygen in beryllium is not known ; 
it may be significant that the 0-2°, oxygen content of the 
distilled metal was stated to be not visible microscopi- 
cally. This amount of oxygen (excluding the additional 
contents of hydrogen, nitrogen and carbon) is known 
to cause embrittlement in titanium and zirconium, 
despite the fact that it is well within the respective 
solubility limits. An oxygen content of 0-25 wt. °, 
reduces the tensile elongation of titanium from 40°, 
to 25°71, and that of zirconium from 25°, to 5°,”, 
The embrittlement caused by these interstitial atoms in 
amounts well below their solubility limits cannot be 
explained in terms of lattice parameter changes. Pratt®* 
sugeests that the embrittlement mechanism may involve 
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Fig. 16.-Ductility as a function of rolling reduction ratio 

at 1,800° F. (980° C.) for beryllium sheet cross-rolled 

from extruded powder flats: (a) average elongation ; 

(b) maximum elongation at neck calculated from reduc- 
tion in area.* 


an inhomogeneous distribution of solute atoms, possibly 
accompanied by incipient precipitation or lattice faulting. 
The atomic size of beryllium is much smaller than that 
of titanium or zirconium : 

Titanium 2-89A closest distance of approach 

Zirconium 2-66 A closest distance of approach 

Beryllium 2-22 closest distance of approach 
Thus, greater lattice distortion and consequent embrittle- 
ment would be expected from the presence of soluble 
oxygen, nitrogen, hydrogen or carbon contents in beryl- 
lium, than in titanium or zirconium. 

In the second place, consideration of the plastic flow 
mechanism in beryllium relative to that in hexagonal 
titanium and zirconium tends to contirm the presence of 
soluble impurities. In general, deformation by slip 
occurs most easily in metals on the planes of greatest 
atomic density and of the largest interplanar spacing. 
The direction of slip is a close packed direction. Table I 
shows that the ¢ @ crystallographic axial ratios in 
zirconium, titanium and beryllium are much less than 
the ideal (1-633). As Rosi** states, compression of the 
c axis reduces the interplanar spacing and the atomic 
density of the basal planes, so that in these three metals 
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TABLE I.—ANOMALOUS PRIMARY SLIP IN BERYLLIUM. 


Primary Slip 


Element Axial Ratio | Plane Twinning 
Cadmium 
Zine 
(Ideal) } 
Magnesium | 0901 
Zirconium | 1010 Profuse 
‘Titanium 1010 Profuse 
OOOL* 10T2 


Beryllium 


* Favouring 1010 with inereasing temperature. 


the basal planes are not suitable for slip. Larger spacing 
is available on the prismatic and pyramidal planes. 
Thus, in zirconium and titanium, slip occurs on the pris- 
matic and pyramidal planes, with no basal slip. In 
addition, twinning in titanium occurs on 18 planes. The 
question arises as to why slip in beryllium occurs 
preferentially on the basal plane, at approximately a 
quarter of the stress required for prismatic slip? A 
reasonable explanation could be the local concentration 
of interstitial solutes near the prismatic plane, as 
suggested by Pratt for oxygen in titanium. Evidence in 
support of this theory is provided by Churchman’s*® 
study of the slip modes in titanium as affected by 
the interstitial impurities. He found that the critical 
resolved shear stress is affected by the interstitial im- 
purity content, and that the principle slip system 
(1010) is favoured by increasing purity. The beryllium 
single crystals used in the U.S.A. were of low average 
purity (98-8°,,). Higher purity in beryllium could well 
result in a reduction in the resolved shear stress for 
prismatic slip below that for basal slip. This requires 
confirmation. 

In the third place, polyerystalline beryllium of com- 
mercial purity exhibits peculiar properties (quite apart 
from lack of ductility), which could be explained on the 
basis of a soluble impurity content. These include the 
decrease in ductility from 400°-600° C. in the twin peak 
ductility-temperature curve, the strain and quench 
ageing effects noted in the U.S.A.‘ and in this country, 
the putative allotropy of beryllium, the high Young’s 
modulus and the low Poisson’s ratio of the metal, and 
the sub-melting point thermal arrest noted recently in 
the U.S.A44 and in the U.K. with metal of high purity. 
It is disturbing, that many of these phenomena occur in 
the temperature range of interest to reactor engineers. 
In the last thirty years, there have been 24 references in 
the literature to the alleged allotropy of beryllium. As 
stated by Raynor, in 1946, these claims may not repre- 
sent true allotropy, but may be attributable to the 
ordering on heating of soluble impurity atoms. It thus 
seems clear that present grade beryllium contains 
interstitial impurities in amounts which are known to be 
damaging in less susceptible metals, such as titanium and 
zirconium, and that the single crystal and polyerystalline 
properties of the metal may well be explained on the 
basis of these impurity contents. 

Two questions remain to be answered with respect to 
the usefulness of the purification approach to the 
problems connected with the reactor applications of 
beryllium. These relate first of all to the increase in 
ductility which can reasonably be expected from the 
improved (or complete) purification of the metal, and 
secondly to the degree of purification which can be 
achieved, particularly in commercial scale production. 
In answer to the first point, it can be stated that a 
greater improvement in ductility would result from more 
efficient purification of beryllium than is known to result 
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from purification of titanium and zirconium. The 
possibility should not be overlooked, however, that 
purification may also result in decreased strength and 
increased grain size. Even so, these disadvantages 
would both be acceptable in return for an increase in 
ductility. The question as to whether the necessary 
degree of purification can be achieved, particularly in 
production practice, is debatable, however. Higher 
purity can undoubtedly be obtained experimentally by 
improved distillation methods, possibly combined with 
some other purification technique, and by the use of 
metal of higher initial purity. The probability of com. 
plete success is marred however, by two factors—the 
strong affinity of beryllium for oxygen (stronger than 
that of titanium and zirconium), and the anticipated 
sensitivity of the relatively small beryllium lattice to 
distortion by minor interstitial impurity contents, which 
possibly may even be below the ultimate level attainable 
by experimental purification methods. Further serious 
difficulties are imposed by the necessity of consolidating 
the pure metal for the true assessment of properties, and 
by the lack of reliable analytical techniques for deter. 
mining diminishing impurity contents. Even if experi- 
mental success is achieved, the purification technique 
may not be reproducible on production scale operation, 
and certainly not without an increase in the cost of the 
already expensive metal. 

Despite these realistic arguments, it is thought at 
A.W.R.E. that pure metal preparation and its property 
evaluation should proceed concurrently with the metal 
physics approach on commercial grade beryllium. At 
least, it would provide a much-needed improved under- 
standing of the behaviour and anomalies of the com- 
mercial metal. An important potential advantage of 
the purification approach is that it should be capable of 
solving the fabrication and joining difficulties, as well as 
providing the necessary design properties. In the event 
of the lack of success of either approach, the canning 
problem might be solved by the development of a tech- 
nique, such as the pressureless sintering of powder, for 
the direct production of fuel elements. If successful, this 
would eliminate the fabrication and joining difficulties. 


Conclusions 


Beryllium possesses very attractive nuclear and high 
temperature properties for reactor applications, but so 
far, only limited use for moderator and reflector purposes 
appears to have been achieved in the U.S.A. and the 
U.S.S.R. The future development of the gas-cooled 
power reactor in the U.K. for more efficient operation at 
higher temperatures is largely dependent on the use of 
beryllium for fuel cans and structural components. This 
presents formidable, but not insurmountable, develop- 
ment problems. 

Numerous chemical and metallurgical difficulties are 
encountered in the mining, extraction and production of 
beryllium. These can be overcome without great 
difficulty. In addition, increased production volume is 
likely to lower cost, while the toxic hazard can now be 
satisfactorily controlled. The greatest single factor 
operating against the development of beryllium is the 
relative lack of ductility of the metal. This causes 
serious difficulties in fabrication and in joining, and 
results in inadequate properties for higher stress appli- 
cations in reactors. Analogy with hexagonal titanium 
and zirconium gives strong indication that the relative 
brittleness of beryllium is attributable to interstitial 
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impurity atoms, of which the most suspect is oxygen. 
This recommends the use of commercial quality metal of 
the highest possible purity. 

The Americans claim the recent preparation of com- 
mercial grade sheet metal possessing high two-way 
ductility (30-40% elongation) by the fabrication control 
of grain orientation and structure. The same degree of 
control and success would not be expected in tube forming 
operations. With this approach to the ductility problem, 
there remains the difficulty, for can application, of 
achieving a sound joint in the fabricated metal without 
loss of orientation-dependent properties. This should 
be possible by the development of suitable techniques. 

The alternative approach to improved ductility is pure 
metal preparation, for the realisation of inherent proper- 
ties. If successful, this should solve the fabrication and 
joining difficulties, and should provide adequate design 
properties. Experimental purification presents a formi- 
dable problem, and it is doubtful whether the necessary 
purity could be achieved in production scale operation. 
At least, pure metal preparation and property evaluation 
would permit a better understanding of the behaviour of 
the commercial grade metal. 

It thus appears that maximum effort is required on the 
fabrication, joining and property determination of good 
quality commercial metal with associated research on 
pure beryllium preparation and property evaluation. In 
addition, techniques such as the pressureless sintering of 
loose powder for the direct production of fuel elements 
without having recourse to can joining methods, should 
not be overlooked. 
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New Steel Strip Mill 


Compromise Solution Accepted by Government 


HE GovernMeEnT have accepted the conclusion of the 

Iron and Steel Board that additional capacity for the 
production of strip mill products is required to meet the 
future needs of the national economy, and it has been 
decided, in principle, that this additional capacity 
should include two major strip mill projects, each with 
appropriate steel making and finishing capacity. 

An Industrial Development Certificate will be issued 
for a project to be undertaken by Richard Thomas 
& Baldwin, Ltd., at Newport (Mon.). This will represent 
the first stage of a major expansion of strip mill produc- 
tion in South Wales. Its precise nature, timing and 
financing are under discussion between the interested 
parties, including the Company and the Iron and Steel 
Board, but it is envisaged that the initial production 
capacity will be of the order of 500,000 tons for sheet 
and tinplate. 

The Board of Colvilles, Ltd., have agreed in principle 
to undertake the other project in association with their 
new Ravenscraig works at Motherwell, and their existing 
works at Gartcosh, both in Lanarkshire. The Govern- 
ment are prepared to grant an Industrial Development 
Certificate for this purpose. It is intended that this 
project, which includes modernisation of existing plant, 
should have an initial productive capacity of approxi- 
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mately 500,000 tons for sheet and light plate. It will 
make use of facilities already being provided by the 
Company, and the additional cost is estimated at about 
£50 million. The initial capacity for sheet will represent 
a surplus above present Scottish consumption and it is 
hoped that it will attract to Scotland new industries 
using sheet. 

Both projects will be capable of substantial extensions, 
particularly that in South Wales. To the extent that 
their construction will require funds additional to the 
resources of the two companies, the necessary amounts 
will be advanced to them by the Government. 


New Division for Incandescent 


Tue INCANDESCENT Heat Co., Lrp., of Smethwick, has 
formed a Gas Atmospheres Division, headed by Mr. 
I. L. S. Golding, to co-ordinate the Incandescent Group's 
activities in this field. The new Division will be respon- 
sible for the design, development and sales promotion 
of gas and controlled atmosphere generators and gas 
dryers. Backed by the Company’s long experience 
with this type of plant, the Division will intensify 
Incandescent’s effort in this important branch of 
metallurgy and chemical engineering. 
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New High Frequency Induction Equipment 
for Heating Billets for Rolling 


By J. C. Howard 


Director, Electric Furnace Co. Ltd. 


The author describes a high frequency induction billet heating installation which provides 
the degree of cleanliness and the flexibility required in heating a range of special alloys—some 
of them with high nickel contents—whose rolling temperatures vary from 800° C. to 1,250° C. 


ELEGRAPH CONSTRUCTION AND MAINTEN- 
ANCE CO., LTD., have recently put to work at 
their Crawley works, a high frequency induction 
equipment for heating, prior to rolling, the various 
special alloys they produce. The equipment was designed 
and manufactured by the Electric Furnace Co., Ltd., 
of Weybridge. 

Among the special alloys that Telegraph Construction 
and Maintenance Co., Ltd., produce are their famous 
Mumetal, Radiometal, Rhometal and Pyromic, in 
addition to the more generally known alloys, such as 
copper-beryllium. The first three of these alloys have a 
high nickel content and, prior to the new inst. :ation, the 
ingots were heated in a conventional gas-fired furnace. 
In spite of taking every reasonable precaution to elimi- 
nate the sulphur from the furnace gases, the quality of 
the finished product was seriously affected by surface 
attack during heating, and Telegraph Construction have 
consequently been seeking a method which would avoid 
this contamination. 


Flexibility Requirements 
These special alloys, unlike steel, are used only in 
relatively small quantities. There are. therefore, no long 
runs in the rolling mill of one alloy, requiring a regular 
output of hot ingots all at the same temperature. Each 
of the alloys has a different optimum rolling temperature, 
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varying from 800° C. to 1,250° C., and one of the problems 
with the fuel-fired furnace was the delay occasioned by 
heating up the furnace, or allowing it to cool down, as the 
case might be, when changing from one alloy to another, 
and it might be necessary to make these changes several 
times a week. 

Although the rolling mill could readily cope with the 
required output on day shift only, it was necessary to 
have the furnace up to temperature when the shift 
started. As the heating up time was relatively long, the 
furnace had to be lit several hours before it was required, 
and it was necessary to maintain it at temperature during 
the midday break and any other interruptions. This 
meant high operating costs because of increased gas 
consumption and labour requirements. 

After careful consideration of alternative methods, it 
was decided that electric heating would provide the 
necessary degree of cleanliness, and that of the various 
methods of heating by electricity, induction heating 
would best satisfy the flexibility requirements. 

The standard ingots are of square cross section with 
round corners. They are tapered and measure 5} in. 
square at the bottom end and 6} in. square at the top. 
They vary in length, but the average length of the body 
of the ingot is 30 in. Consideration was given to the use 
of 50-cycle heating, but the dimensions of the ingots and 
their resistivity did not permit a satisfactory efficiency at 


Fig. 1.—-General view of the equipment 
showing, on the right hand side, the high 
frequency control panel next to the capaci- 
tor cubicle with the temperature control- 
ler on its panel. From the capacitor cub- 
icle, trunking encloses the high frequency 
busbars leading to the three inductor 
coils. 
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Fig. 2. Billet being pushed into No. 1 coil 

by means of the pneumatically operated 

charging machine, which can be moved 
across from one coil to another. 


this frequency. Because of this, and because the control 
of 50-eycle heating is more difficult than when a motor- 
alternator is used, high frequency heating was decided 
upon. 

The output requirements are | ton an hour, and a 
400 kW. 1.050 eyele motor-alternator is used as the 
energy source. This machine, manufactured by Metro- 
politan- Vickers Electrical Co., Ltd., is of the conventional 
type that Electric Furnace Co., Ltd., have supplied in 
large numbers for both induction heating and furnace 
melting requirements. 

It is well-known that, in induction heating, the energy 
isinduced in the surface of the work piece, and the depth 
of penetration at the frequency used varies from 0-15 in. 
to 0-66 in. with the different alloys. Heat energy from 
this heated * skin’ travels to the core of the ingot by 
conduction at a rate which is governed by the thermal 
conductivity of the material. Thus, to establish a 
satisfactory temperature differential between core and 
surface, there is a maximum rate of heating which must 
not be exceeded. 

Calculations showed it to be necessary to heat three 
ingots at a time to obtain the required output without 
exceeding the critical rate of heating. By staggering the 
loading, heating and discharge cycles of the three ingots 
aregular supply of hot ingots could be produced. There- 
fore, the motor-alternator set supplies high frequency 
energy to three inductor coils connected in parallel. 
Power factor rectifying capacitors are connected across 
the terminals of these coils to raise the average power 
factor to approximately unity. The power factor of each 
individual coil varies as the ingots heat up, especially 
when they are of a magnetic alloy, but, by staggering the 
heating cycle, the overall power factor of the system 
remains reasonably constant and capacitor adjustment 
during the heating cycle is not necessary. 

The three inductor coils are arranged side by side, as 
can te seen from Fig. 1. On the ingoing side of the 
inductors is a movable charging machine which can be 
positioned in front of any one of the three coils. The 
ingot to be heated is placed on this charging machine. 
which is moved in front of the coil containing the next 
Ingot ready for ejection to the rolling mill. An air valve 
ls opened to operate the pneumatic cylinder on the 
charging machine, which pushes the cold ingot into the 
inductor coil and, in so doing. ejects the hot one on the 
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A live roller table ensures that the hot 
ingot is ejected clear of the coil. The cycle is repeated 
at regular intervals and this is done without switching off 
the high frequency power. 


outgoing side. 


Temperature Control 

It is usual with high frequency induction heating to 
control the temperature of the charge by controlling the 
power input to the inductor and maintaining the heating 
time constant. Such a simple system is not satisfactory 
for rolling mill practice because the weight of the ingots 
as cast can vary appreciably, and because the demand for 
hot ingots by the rolling mill can vary. Automatic 
temperature control is, therefore, essential. A Honeywell- 
Brown indicating controller is provided with three 
Radiomatic heads, one sighted on to the ingot in each of 
the three coils. A synchronous motor operates a cam 
switching device to cycle the circuit between the three 
heads. During normal heating, each head is held on the 
target for fourteen seconds. As soon as any ingot reaches 
the preset control temperature, the switching mechanism 
locks on to that particular circuit and automatically 
reduces power on the whole system to some lower value, 
thus maintaining constant temperature on that ingot 
until it can be accepted at the rolling mill. The other 
two inductor coils have also had their power reduced and 
thus the ingots in them do not reach too high a tem- 
perature. In due course, when the hot ingot is ejected, the 
cycling mechanism restarts and power is increased to full. 

As has been mentioned, the ingots are tapered. This 
has necessitated careful grading of the inductor coils to 
ensure a satisfactory longitudinal temperature differ- 
ential. The inductor coils are lined with a special cold- 
setting refractory cement and the ingots rest on solid, 
heat-resisting skid bars. It has been found that water- 
cooled skid bars cause the under-face of the ingot to be 
chilled, in spite of all attempts to correct this by lowering 
the ingot relative te the coil centre. 

In operation the equipment is proving itself very 
valuable. The quality of the material is considerably 
improved because of the elimination of sulphur pick-up. 
Compared with the old gas-fired furnace the heating 
time is short and scale formation, therefore, much 
reduced—a very important factor with these very ex- 
pensive high-nickel-content alloys. Because of the 
absence of scale the surface of the finished product is 
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improved. The edges of the rolled strip are much sharper 
and cleaner, and, since all these materials are used for 
stampings, a greater yield of good material is claimed. 
There is now no problem in changing from one alloy 
to another. It is necessary only to alter the temperature 
control setting and, possibly, the alternator field. Thus 


Fig. -Hot billet being removed from motor. 
ised rollers after emerging from No. 1 coil, 


a change can be made from one alloy to another at will, 
and without interruption in delivery to the rolling mill, 
Further, the space requirements for the induction heating 
equipment are very much less than for the gas-fired fur- 
nace and the working conditions, especially in hot 
weather, are greatly improved. 


Atoms for Peace Proceedings 


THE prepublication period for the Proceedings of the 
Second U.N. International Conference on the Peaceful 
Uses of Atomie Energy, during which complete sets may 
he ordered at a special price, has been extended to 31st 
January, 1959. This action has been taken to facilitate 
the budgetary arrangements of institutions unable to 
purchase the complete set of volumes from their 1958 
budgets. 

Until 31st January, the 33 volumes of the English 
edition may be ordered for U.S. $435, £155 stg., or 
1,860 Swiss franes. The special prepublication price for 
the complete set represents a saving of some $70 as 
compared with the regular price of the set. For the 
French and Spanish editions, each of which is expected 
to include approximately 15 volumes, the special 
prepublication price will be U.S. $190, £68 stg., or 815 
Swiss franes. If the number of volumes is less than 15, 
proportionate refunds will be made to subscribers who 
have ordered a full set. 

Publication of the individual volumes has begun. 
Vol. 2—Survey of Raw Material Resources, was pub- 
lished on the 20th October, and is now available for 
$18-50 or the equivalent. Vol. 3—Processing of Raw 
Materials, a companion volume to Vol. 2, will be avail- 
able shortly for $15 or the equivalent. The following 
volumes of the English edition are expected to be 
available before the end of 1958 or early in 1959: 
Vol. 4—Production of Nuclear Materials and Isotopes ; 
Vol. 8—Nuclear Power Plants, Part I ; Vol. 12—Reactor 
Physics ; Vol. 23—Experience in Radiological Protec- 
tion ; Vol. 24—Isotopes in Biochemistry and Physiology, 
art 1; Vol. 28—Basic Chemistry in Nuclear Energy ; 
Vol. 30—Fundamental Physics; Vol. 31—Theoretical 
and Experimental Aspects of Controlled Fusion ; and 
Vol. 32—Controlled Fusion Devices. 


Additional information regarding these volumes, 
which will be sold as a complete series or individually, 
may be obtained from local booksellers or from the 
United Nations, Sales and Circulation (Atomic Energy), 
United Nations, New York. 


Engineering and Marine in April 
THE old established Engineering, Marine, Welding and 
Nuclear Energy Exhibition traditionally held in the 
Autumn, has been rearranged to open in the Spring of 
1959. It will occupy the three halls of Olympia, London, 
comprising more than 250,000 sq. ft. of stand space, and 
already over five hundred exhibitors have booked 
stands. The exhibition will be open from April 16th to 
April 30th, and there will be more than a thousand 
categories of engineering products and plant on show, 
including the latest developments in nuclear energy 
equipment. The exhibitors’ stands will be staffed by 
technicians, able and willing to offer visitors detailed 
advice on any problem. 

Intending visitors from abroad can obtain all inform- 
ation regarding travel and accommodation from The 
American Express Co., or Thos. Cook & Sons, Ltd., the 
official travel agents to the Exhibition. An interpreter 
staff will be available for those who require it. Details 
of the exhibition itself can be obtained from the 
organisers, F. W. Bridges & Sons, Ltd., Grand Buildings. 
Trafalgar Square, London, W.C.2. 


Wickman Acquisition 


WickMAN, Lrp., announce that they have acquired a 
majority holding in Brasmae Industria e Comercio 5/4, 
Sao Paulo, Brazil with a view to furthering the Wickman 
Group’s exports to, and expanding its tungsten carbide 
interests in, this growing industrial market. 
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Metal Spraying : Effect of a Molybdenum Deposit 


on Adhesion and on Fatigue of Ferritic Steels 
By D. Birchon, B.Sc., A.I.M., A.I.Mar.E. 


Admiralty Materials Laboratory, Poole, Dorset 


In building up steel by metal spraying, a thin layer of molybdenum sprayed on the steel base has been 
shown to enhance adhesion on fine machined and shot blasted surfaces. Although a marked reduction 
in fatigue strength occurs on polished specimens, controlled shot blasting in combination with a molyb- 
denum underlay provides adhesion comparable with that on a rough threaded surface, coupled with 


superior fatigue properties. 


Explanations are suggested for the mechanisms whereby molybdenum 


deposition enhances adhesion and lowers fatigue properties. 


HE use of metal spraying in the reclamation and 

repair of worn and badly machined components 

is well established. However, the methods of 
mechanical surface preparation commonly employed to 
ensure adequate adhesion between the deposit and the 
basis metal reduce the strength-carrying capacity of the 
component treated, both by reduction in core size and 
by the introduction of stress concentrations. In partie- 
ular, these effects combine to reduce the fatigue strength 
of the finished article.!~4 

Thus, when it was shown that a preliminary underlay 
of sprayed molybdenum enabled a satisfactory measure 
of adhesion to be obtained upon fine machined steel 
surfaces, considerable interest was aroused in the 
possibility of extending metallising procedures to more 
highly stressed components. However, in the dis- 
cussion following his survey of the effects of metallising 
procedures upon the fatigue properties of steel, Williams* 
indicated that an underlay of molybdenum produced a 
decrease in the fatigue resistance of the underlying steel 
similar to that resulting from electric bonding, which he 
had shown to be more damaging than either shot blast- 
ing, threading, or grooving and knurling. Miller and 
Brunot* confirmed the damaging influence of molyb- 
denum by experiments in which its deposition in a 
standard undercut preparation produced a further fall 
in fatigue properties, as compared with those of the 
non-undercut specimens. Holgate® also referred briefly 
to the possibility of a reduction in fatigue life as a result 
of molybdenum deposition. 

In view of the potential value in reclamation pro- 
cedures of the enhanced adhesion resulting from a 
molybdenum underlay and the small amount of quanti- 
tative information available upon its effects, it was 
decided to conduct a limited investigation. The work 
was planned to include a selection of steels with the 
objects of determining the effect of preliminary molyb- 
denum deposition upon adhesion and endurance, and 
attempting to determine the reason for the reduction in 
fatigue strength, with a view to its mitigation. 


Scope of the Investigation 


Ferritic steels of low, medium and high tensile strength, 
together with an austenitic type were chosen for the 
investigation. The latter was included to investigate the 
influence of its freedom from phase changes and rela- 
tively low notch sensitivity upon the results. The 


December, 1958 


TABLE 1.—CHEMICAL COMPOSITIONS AND MECHANICAL PROPERTIES 
OF STEELS UsED 


~ Chemical ‘omposition ) 


} © | Si | Mn] 8 P | Ni Cr Mo | Ti 
En 3A | 0-14 | 0-58 | 0-050 | 0-027 | | 
| | 
En 24 0-40 ) O-18 | 0-52 | 0-071 | 1-15 | 0-30 
En 58B | 0-05 | 0-68 | 0-50 | 0-013 O-024 | 8-07 17-38 — 0-65 
Mechanical Properties 
” ol ° Proof Tensile | Elongation Redu ti m 
Stress on 44/A) of Area Impact 
i SS AD) o b 
(tons ‘sq. in.) (tons /sq. in.) (ft. Ib.) 
En 3A 18-08 32-0 | 36 | os | _ 
| 
En 24(a)t 50-2 | 26-4 64 | 78, 76 
49-7 | 24-6 | 63 
| 
En 24(6)+ 48-4 57-1 24 64 
48-2 } 63 | = 
En 24(c) 67-3 77-2 | 18 | 53 35, 34 
68-2 32 
| 
En 583B 17-8 47-3 | | 66 | 


* Yield point. 
+ Values (a) and (+) refer to separately heat treated batches. 


number of methods of surface preparation was limited to 
fine machining, shot blasting and rough threading, with 
and without an underlay of molybdenum. The experi- 
mental procedure was divided into adhesion, fatigue and 
residual stress tests and microscopic examination. In 
order to reduce the variability of the results, stand- 
ardisation was enforced in the preparation and spraying 
stages whenever possible. 

A double-ended four-point loading rotating bending 
fatigue machine was constructed to supplement the 
single machine available for the work. This machine 
proved so economical to build and satisfactory in use 
that a short description is given in an Appendix. 

The steels selected were a mild steel to B.S. 970 En 3A 
of 32 tons/sq. in. U.T.S. (ultimate tensile strength), a 
low nickel-chromium-molybdenum steel to En 24 in the 
58 and 78 tons/sq. in. U.T.S. conditions, and an 18-8 
titanium-stabilised austenitic steel to En 58B. The 
chemical compositions and mechanical properties of 
these materials are given in Table I. 


Surface Preparation 


Adhesion Testpieces 
For the adhesion tests it was considered unnecessary 
to control the fine machining other than by visual 
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Fig. 1.—-Section through shot blasted surface of 32 tons/sq. in. steel 


specimen. Etched 2°, nitric acid in alcohol. 


methods, coupled with ensuring that the finishing cuts 
were conducted with sharp tools having ample top rake 
to avoid burnishing and smearing the surface. 

As a result of a series of tests conducted upon shot 
blasting technique, a set of conditions was established in 
which minor variations in air pressure, spraying distance 
and time had the minimum effect upon the final surface 
roughness, depth of cold work and residual stress system. 
With the specimens rotating at 120 r.p.m. and the 
nozzle held in a jig, the conditions adopted were :— 

Grade of shot .. 

Distance of nozzle from work 

Time.. 


B.S.I. 251 grade 18. 
45 Ib. sq. in. 
12 in. 
15 sec. 

The effect of this technique upon the microstructure of 
a mild steel surface is shown in Fig. 1. 

Rough threading of the adhesion testpieces was 
standardised at 24 t.p.i. (threads per inch) with sharp 
thread apices. 


Fatigue Testpieces 

The gauge length of the fatigue specimens consisted of 
a 1 in. parallel length in the centre of a 2 in. waisted 
portion. Very generous radii blended with the central 
parallel portion and brought the end diameter to 
0-625 + 0-001 in. In all cases the centre of the gauge 
length was very carefully and lightly machined to 
0-350 + 0-001 in. The specimen was then rotated at 
2.850 r.p.m. while the entire central waist was hand 
polished circumferentially with successively _ finer 
grades of metallographic abrasive paper, finishing with 
grade 4.0. In this way the diameter of the waist was 
reduced to 0-340 . 0-001 in. This technique was found 
to remove all machining marks and the cold) work 
resulting from the machining operation, whilst leaving 
a small and reproducible amount of cold work at the 
surface. 

Specimens which required shot blasting were first 
machined and polished as above, then blasted under the 


274 


same conditions as the adhesion test pieces, 
Ovality in overall diameter after shot. 
blasting did not exceed 0-001 in., and the 
thickness of the subsequent deposit (where 
applicable) was determined by the increase 
in overall diameter. The molybdenum was 
sprayed to a radial thickness of 0-005 in, 
and reduced to 0-002 in. by the method 
used in polishing the parent metal speci- 
mens. This necessarily resulted in a layer of 
deposited metal greater than 0-002 in, 
measured to the bases of the pits in a shot- 
blasted surface. 

In all cases the preparation was conducted 
dry, followed by washing in Analar carbon 
tetrachloride, and those specimens to be 
sprayed were dealt with as soon as possible 
after the completion of their preparation. A 
rough threaded finish was not included in 
the series of fatigue specimens, since a 
considerable amount of data upon the effect 
of this type of preparation is available in 
the literature.'“# 


Spraying Technique 
The deposition of molybdenum* was 
carefully standardised with a Metco type 
4E gun using } in. diameter wire. Acetylene 
pressure was 18 |b. ‘sq. in., oxygen pressure 35 Ib. /sq. in., 
and air pressure 50 |b./sq. in. Flowmeters were used to 
control the nature of the flame correctly, and the s praying 
distance was selected as 6 in. The deposition of steel on 
the molybdenum (only employed for adhesion tests) was 
conducted with the same gun by normal methods. All 

spraying was conducted by the same operator. 


Adhesion Tests 

A review was conducted of the various methods 
reported in the literature, a survey of which is given by 
Cowan.” These methods include shearing an annulus 
from a cylinder, shearing a lap joint, the bending of 
sprayed strips or wires to produce exfoliation, and the 
determination of tensile strength. The difficulty with 
the last lies in applying the tensile load to the deposit, 
and one method has been to cast a low melting point 
alloy on to the sprayed deposit to provide a means of 
applying the load. 

The method of Ingham and Wilson® was selected, as it 
involves no after treatment of the sprayed metal and 
represents a close approach to the conditions involved 
in most types of reclamation, which are conducted on a 
circular section. The details of this test are illustrated 
in Fig. 2. A long cylindrical plug of the required parent 
material is inserted in a diametral hole in a mild steel 
disc. One end of the plug is machined in line with the 
periphery of the dise (stage | of Fig. 2), and the other 
end lies within the dise and carries a male thread. 
During spraying of the prepared periphery, the threaded 
end of the plug, is protected by a cap (stage 2 of Fig. 2). 
After spraying, a banjo shackle is fitted round the dise. 
with a hole through which passes a second shackle 
screwing on to the threaded end of the plug (stage 3). 
A standard tensile testing machine may then be used to 
provide a tensile stress which is essentially normal to the 
plane of the sprayed metal. Provided that the thickness 
of the latter exceeds some 0-020 in. for steel, failure 


< 500 


®* Sprabond wire was used : this is the registered trademark of The Metallising 
Equipment Co., Inc., New York, 
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Fig. 2. 


Stage 1. Plug inserted and clamped. 
Periphery of disc and protruding end 
of plug machined (and shot-blasted 
if necessary) at the same setting. 


0 Sin DIAMETER PLUG 


—— 


occurs at the bond face of a 4 in. diameter plunger, and 
not by collapse of the coating. With this in mind a total 
deposit thickness of 0-030 in. was adopted for all 
adhesion tests. Since the thickness of molybdenum 
deposits normally used in reclamation work is of the 
order of 0-002 in., sprayed steel was used to bring the 
total thickness of the deposited layer up to 0-030 in. 
It is possible that the adhesion of the molybdenum to 
the basis metal may have been slightly modified by this 
second deposit, but since this reflects standard reclam- 
ation technique any errors so introduced were ignored. 

The results of duplicate adhesion tests, together with 
some results from earlier experiments (shown thus¥) are 
displayed in Table IL. The scatter in the values obtained 
is immediately apparent, and since the test pieces were 
prepared and tested under carefully controlled condi- 


TABLE HL.—RESULTS OF ADHESION TESTS. 
\ total deposit: thiekness of 0-030 in. of Sprasteel 45% was applied in all cases). 


| ‘Tensile Bond Strength Cb. sq. in.) 


| 
En 24 


Molybdenum |) En 3A | En 24 
Underlayt (32 tons En | (O8 tons tons;| 7S tons 
sq. im. sq. in. } Sq. mn, Sq. in. 
UTS.) | U.T.S.) U.T.S.) U.T.S.) 
Without Nonet | None None 
Fine | | 
Machined With 170, ds5, L290 280, 860 350, 730 
rine | | 
Machined Without TSS0, 2500) 2040, 2050) 2560, 3810) 1960 | 2850 
| | 
Shot With 25S0, 4060 | 2720, se, 370 1160, 4410 
| 
| 
| 
erage improvement | | 
ned with molyb- | | 
52°, 411°, 9°, 6° | 
eal Without S950 | SSLOALLO | 2760, 3580 | 2640, 4400 
u4 
With 4250, 4540) 1870, 2600 | 2740, 3530) 4470 1720, 2240 
mprovement | | 
with molyb- | 
num 15°, — 40, | —1% 
*Trade name of Metallising Equipment Co, Ine., New York. 
+ In ses 0-003 in. thiek. 
> Deposit peeled away spontaneously during build-up. 
$ Su rougher than that of other specimens in the fine machined condition. 


Bond strength of shot blasted plus molybdenum underkay 
“Hond strength of threaded finish without moly 
fed finish subsequently knurled. 
r work, 
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‘The three stages in an adhesion test. 


Stage 2. Protecting cap screwed in 
and periphery of disc coated with 
sprayed metal. 


© 030m THICK PROTECTING CAP 
REMOVED AND SHORT 
ROD SCREWED ON TO 


END OF 0 Sin PLUG 


Stage 3. Tensile test being applied 
to bond-face at A. 


tions, it is clear that a large number of tests would need 
to be conducted before statistically valid results could 
be obtained. 

The attainment of a measure of adhesion with molyb- 
denum on a fine machined surface is, however, clearly 
demonstrated, and there is general improvement through- 
out the range of steels tested when molybdenum is 
applied to a shot blasted surface. In two out of five 
vases, however, the application of molybdenum to a 
threaded finish reduced the bond strength, whilst in a 
third case it effected little change, presumably since the 
deposited molybdenum built up in the threads and 
materially reduced the subsequent mechanical inter- 
locking of the sprayed steel. (This view was later 
confirmed by microscopic examination). 

The appearance of the ends of adhesion test plungers 
from earlier experiments on En 30B material is shown 
in Fig. 3, from which the generally enhanced adhesion 
provided by the molybdenum is at once apparent. 

The last line of Table IL is perhaps the most interesting, 
since it shows that the combination of a molybdenum 
underlay and shot blasting produces a bond strength 
broadly comparable with that obtained by rough 
threading, without the unpleasant features of reduction 
in core size and introduction of stress concentrations 
introduced by the latter. 


Fatigue Tests 


All tests were conducted under four-point, constant- 
load, reverse- bending conditions at a speed of 2.850 r.p.m, 
The initial diameter before shot blasting and or the 
deposition of molybdenum was used for calculation of 
the stresses, and tests were conducted on a general basis 
of 10 x 10® reversals. In selected cases tests were 
considerably prolonged—in two instances to approxi- 
mately 200 108 reversals. 

The results of approximately 100 fatigue tests are 
detailed in Table IIL and Figs. 4-7, and summarised in 
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Fig. 3.—-Ends of En 30B plungers after adhesion tests. Molybdenum 
underlay was only used for specimens in bottom row. 


Table 1V 


Mild 
Steel 
to 
En SA 


Austenitic 


En 24 
(58 tons 
sq. im. 
U.T.S.) 
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Rather more tests would need to be conducted 
to reduce the scatter inherent in fatigue testing, particu- 
larly in view of the number of extra variables involved 
in this particular investigation. 
endurance limit resulting from the deposition of molyb- 
denum on a polished surface is clearly demonstrated, 


Surface 
Preparation 


Polished .. 
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molybdenum 


Shot blasted 
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0-002 in, molybe 
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molybdenum 


Polished 
Polished 
molybdenum 


Shot blasted 


Shot blasted 
in. molybe 


Polished 


Polished 


molybdenum 


Shot blasted 


Shot bhisted 


j 


it 


in. 


fenume 


' 


| 


OS) O-66 O-45 


austenitic 


The in 


reduction 


TABLE TEST 


(Cycles to fracture at given stress level 


15 


16-7 


6 Ww 


Stress at which Teste l (+ 


19-08) 25-5 26-0 


200 


Stress at which Tested (+ 


Figures in italics indicate specimen unbroken 


Stress at which Tested ( 


15-25) 15-4 


11-68 


and it is interesting to note that it bears 
an approximately linear relationship to 
the tensile strength of the base steel 
(Fig. 8). 

Shot blasting produced a slight decrease 
in the endurance limit, and the application 
of molybdenum to the shot blasted sur. 
face resulted in a decrease not exceeding 
7°, as compared with the polished surface. 
It is interesting to compare these reduc. 
tions with the results of Williams? who, in 
rotating bending tests of specimens of 
similar size reported that rough threading 
reduced the endurance limit of a 47 tons 
sq. in. U.T.S. steel by 49°,, whilst grooving 
and knurling (which produced the strongest 
bond in his experiments) reduced it by 
71°,, as compared with polished specimens. 
The subsequent deposition of sprayed 
steel resulted in a further small reduction. 

It was considered desirable to determine 
if the deposition of molybdenum were 
capable of suppressing the endurance 
limit. Selected tests at stress levels near 
the apparent endurance limit of the mild 


steel, the 58 tons sq. in. low alloy steel, and the 
steel, 
were therefore considerably prolonged. 
was obtained to suggest that the endurance limit was 
indeterminate beyond the scatter to be expected in such 
experiments. 
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16-28) 11-6 | 1-61) 1-91 
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0-46 O24 
20-17) 1-97) 4-91) 0-42) 0-10 
18-07 O-O7 
25°57) 0-60) 0-75) 1-13 1-15) 0-19 
193-0 6-0 

25°3| 34-1 1-8) 0-02) 0-160 


tons sty. im.) 


26-5 27-0 27-5) 28-0) 29-0) 29-5) 20-0) 32-5 
12-3 11-3) 21-0) 0-43 O-15 0-67 
14-7 
o-12 
12-4 1-08 20-6 0-35) 
12-4 | 
| 
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Fig. 4. Fatigue test results on steel En 3A (U.T.S. 


32 tons /sq. in.). 


Shot blasting, under the conditions used in these tests, 
produced little significant change in the endurance 
limit: results contradictory to those reported by 


Williams*, who found a strength reduction factor of 


approximately 1-4 on 47 tons sq. in. steel. In_ his 
experiments, however, grit blasting was performed with 


an air pressure of approximately 100 Ib. /sq. in. at a 
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TABLE IV.—SUMMARY OF FATIGUE RESULTS. 


%, Reduc-| rength 


Estimated | 
Material Surface Finish, ete. Endurance, Reduction 
Limit | Fatigue Factor * 
Strength | 
| Polished | + 16-0 | 
| 
Mild Steel Polished in. Mo + 12-35 | 20 1-25 
3A 
| Shot blasted £ 16-0 | Nil Io 
| | | 
| Shot blasted 0-002 in, Mo 16-0) | Nil | 
En Polished 
Austenitic 
Polished 0-002 in. Mo 15-5 ” 1-1 
Polished | + 28-0 
En 24 | Polished 0-002 in, Mo 39 1-65 
(58 tons | 
aq. in, Shot blasted 27-4 2 1-02 
Shot blasted in, Mo 26-0 7 
Polished 30-5 
En 24 | Polished in. Me 19-5 61 2-55 
(78 tons ; 
sq. in. Shot blasted | 3 1-05 
in. Me + 37-0 


Shot blasted 


Endurance limit of polished material 
Calculated as 
Endurance limit in given condition 


distance of 2 in. for five minutes. This suggests that the 
reason for the difference may lie in the blasting technique. 
The details of air pressure, distance and time decided on 
for this investigation were chosen solely for the insensi- 
tivity of small variations in their value upon the final 
surface condition of the steel treated. Thus, it may be 
that investigation of the effect of shot blasting variables 
on fatigue life would provide interesting information. 
In evaluating such information however, it would be 
necessary to consider size effects and the influence of 
stress systems differing from those of the fatigue tests. 
Apart from the suggestion® that the bonding of 
molybdenum to steel is sufficiently strong to promote 
the propagation of cracks formed in the molybdenum 
into the parent steel, no explanations were encountered 
in the literature to account for the effect of the deposit 
on the endurance properties of the base material. In 
view of the relatively low bond strength observed 
between molybdenum and polished steel (Table Il) and 
the low intrinsic tensile strength quoted for sprayed 
molybdenum by Ingham and Shephard!” (7,500 Ib. sq. in.) 
it seemed unlikely that cracks present in the deposited 
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Fig. 9. Residual stress distribution near surface of shot 


blasted 58 tons /sq. in. steel. 
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TABLE V.—STRESS IN DEPOSITS ON THIN STRIPS 


Thickness of Steel Strip (in.) 


Average Thickness ; 
(in, Average Stress Across Deposit (tons /sq. in.) 
(T Tensile, Compression ) 
2 | | | 
T, 15-011 12-07, 14-0T | | 
16-0 T | 
| 
S-6T, 7-01 - 
6-3'T 
ln Lov, 1-67 6-0T 
1-9 
3-20, 3-7€ 4:57 


molybdenum would be sufficient alone to account for the 
reduction observed in fatigue properties. It was there. 
fore decided to determine the residual stresses resulting 
from the spraying and the effect of the sprayed metal on 
the ductility and related properties of the parent steel. 
Another possibility considered was that of phase changes 
in the steel resulting from the rapid thermal cycles 
following the impact of the hot particles. A report of the 
investigation into this aspect is given in the section 
dealing with microscopic examination. 


Residual Stress Experiments 


The fatigue properties of wrought molybdenum have 
been shown!! to be very good, and although this cannot 
be construed to imply that the endurance of sprayed 
molybdenum is of a high order, it suggests that for 
individual particles (which may be considered to have a 
stronger bond with the base than the overall deposit) a 
reasonable endurance limit may be expected. Against 
this must be set the fact that the modulus of elasticity 
of molybenum is approximately 1-7 times that of steel, 
so that in fatigue tests of molybdenum coated stee! 
specimens the stress imposed (by the elastic deflection 
of the steel base) on the small molybdenum particles 
would be greater than the surface stress in the steel. 
Further, the deposition of the molybdenum can be 
expected to leave the deposit in a state of internal 
tensile stress. 

This internal stress will be the sum of the macro 
stress, which may not be expected to retain a value in 
excess of the tensile strength of the deposit as a whole,* 
and the micro stress in the individual particles in 
contact with the steel. The latter may be expected to 
be rather higher, since it can be argued that these small 
particles would approach the physical properties of cast 
molybdenum. Cracks resulting from the macro stress 
system would not be expected to be so damaging as 
those occurring in the particles in intimate contact with 
the steel, but no experimental method for determining 
the micro stresses present in the particles could be 
devised. 

Superimposed on these effects is the possibility that the 
rapid heating and cooling of the surface layers, com- 
bined with the restraint afforded by the rest of the 
cross-section, may leave the surface in a state of residual 
tension. This in itself might considerably lower the 
fatigue strength of the composite body.'? A series of 
experiments was therefore conducted as follows : 


(1) Deposits were made upon unrestrained strips to 
determine individual values of residual stress in the 


® Sprayed molybdenum is so brittle that the * vield stress and the ultimate 
tensile stress are virtually identical. 
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Fig. 10. -Threaded mild steel adhesion test plunger showing 
separation between sprayed steel deposit and thread flanks. 60 


coating and the variation in these values resulting 
from varying deposit and strip thickness. 

(2) Attempts were made to simulate the heat input of 
a typical spraying operation without allowing 
adhesion of the coating, to determine the residual 
tension (if any) set up in the surface of the steel. 


The first series of experiments was conducted by the 
standardised spraying technique used for the previous 
work, with unrestrained 4 < 1 in. strips of stress relieved 
material in the 58 tons /sq. in. condition. The surface of 
the strip specimens was hand ground with | 0 grade 
abrasive paper, and various thicknesses of strip were 
used to provide varying degrees of restraint and heat 
sink. Kach strip was sprayed on one face only, and the 
results, calculated from the deflection of the 
initially straight steel strip on the basis of 
uniform stress across the deposit, are sum- 
marised in Table V. The reduction in 
average residual stress observed with in- 
creasing deposit thickness and the reversal 
of sign in two cases is rather puzzling, but 
the generally higher values observed with 
increasing strip thickness reflect the greater 
degree of restraint afforded the sprayed metal. 

To simulate the conditions of heat input 
to the base steel, it was considered insufficient 
to play the flame of the gun on the strip 
without feeding wire through the gun, and 
attempts to prevent the adhesion of the 
molybdenum by lightly oiling, greasing or 
copper plating the surface of the strip were 
astonishingly unsuccessful. Lightly coating 
with molybdenum disulphide was completely 
effective in preventing adhesion, and in 
duplicate experiments simulating the deposi- 
tion of 0-002 in. of molybdenum on 1/16 in. 
strip. very little deflection was produced. 
Calculated on a stressed layer of 0-002 in. 
(entirely arbitrary) the indicated tensile 
stress in the surface of the strip was 1-2 
tons sq. in. in both cases. 


Fig. 11. 


December, 1958 


These experiments confirmed the presence 
of a considerable tensile stress in sprayed 
molybdenum, particularly in the thin de- 
posits normal in reclamation work. The 
stresses observed considerably exceed the 
tensile strength of the deposited metal as 
quoted by Ingham and Shephard,!° but 
allowance should be made for the fact that 
their tests were conducted upon relatively 
heavy deposits of the order of } in. in 
thickness. 

Since all the values presented in Table V 
were determined by measuring the change 
in deflection after spraying, a further isolated 
check was made by very carefully removing 
a layer of 0-002 in. of sprayed molybdenum 
from the surface of a } in. thick strip which 
had been restrained flat during the spraying 
of one side. The change in free curvature 
following the removal of the molybdenum 
indicated a residual tensile stress in the 
deposit of the order of 25 tons ‘sq. in. This 
result confirmed the observations of Table V, 
particularly since it was obtained by spraying 
a restrained strip, which might be expected 
to produce rather higher residual tensile stress in the 
deposit than a non-restrained strip. 

A limited series of tests was conducted to explore the 
possibility of stress relief by low temperature tempering 
operations. The disparity between the coefficients of 
expansion of steel and molybdenum (that of molybdenum 
is approximately 5-3 = 10°6 °C.) is such that only low 
temperature treatment may be permitted, as the 
thermal stresses in the molybdenum resulting from 
cooling down would be additive to the stresses already 
present in the deposit. Spraying was conducted upon 
unrestrained steel strips as before, followed by heat 
treatment for 30 minutes at temperatures up to 300°C, 
as shown in Table VI. The results obtained indicate 
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Similar specimen to that in Fig. 10, but with an underlay of 


molybdenum. Separation occurred only at the sprayed steel moly- 
bdenum interface, and not at the base steel molybdenum interface. 
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on whose surface molybdenum was sprayed. 


that little useful purpose would be served by the intro- 
duction of such low temperature treatments. 

Since it appeared from a comparison of fatigue test 
results obtained upon shot blasted and sprayed specimens 
with those of Stiles? and Williams? that the blasting 
technique had a considerable effect upon the subsequent 
endurance, an analysis was made of the stress distri- 
bution throughout the surface layer of a | in. strip of the 
58 tons sq. in. steel unrestrained and blasted on one side. 
The shot blasted strip was degreased and coated on the 
non-sprayed side and all edges with a protective lacquer 
made by diluting one volume of ** High Solids Durofix ” 
with three volumes of amyl acetate. This effectively 
protected these faces of the strip during selective 
removal of material from the shot blasted surface. The 
latter was accomplished by rotating the dish containing 
the specimen immersed in a warm dilute nitric acid 
solution, under a stationary brush. The _ periodical 
brushing and steady agitation provided by the brush 
resulted in a very even overall rate of metal removal. 
The results, calculated by the method of Waisman and 
Phillips'’ are shown in Fig. 9, from which it will be seen 
that the compressive residual stress reaches a peak at 
approximately 0-002 in. below the surface of the steel, 
and that residual compressive stress is present for a depth 
of the order of 0-015 in. 


Other Mechanical Tests 


The sprayed molybdenum deposit might be con- 
sidered to affect the overall ductility and even the 


TABLE VI.—EFFECT OF LOW TEMPERATURE HEAT TREATMENT 
(in, 25 | 10 25) 3 | 
Tensile Stress in Deposit au. in.) 
After 30 Minutes at log ©, 0-7 | 7:9 2:8 10-0 | 3-0 
After 30 Minutes at 200°C, os | 96] 
After 30 Minutes at 4-0 10-5 1-1 | 7-2 2-6 
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Fig. 12.—-Multiple fatigue failure of 58 tons/sq. in. steel specimen 


fhe 


Fig. 13.—Arrested cracks below notch in shot 
blasted and molybdenum sprayed specimen. 


impact strength of the finished component. To test this, 
0-564 in. diameter tensile specimens of the 58 and 78 
tons ‘sq. in. steels were tested with and without 0-002 in. 
of molybdenum on the gauge length. No significant 
difference was observed in strength or ductility as a 
result of the deposit. 

Further tests conducted upon Izod specimens sprayed 
in the notches and un-notched cylindrical specimens 
sprayed all over and tested in a Charpy machine, in the 
same materials, again showed no change in properties 
due to the deposit. 


Microscopic Examination 


Microsections prepared from the ends of adhesion test 
specimens showed that failure occurred between the 
deposited steel and the base material in the absence of 
molybdenum and at the molybdenum sprayed steel 
interface when the underlay method was used. This 
effect (already demonstrated in Fig. 3) is illustrated in 
Figs. 10 and 11. These microsections were taken from 
previous work in which the tops of the threads had been 
lightly knurled, resulting in failure along the line of the 
outer diameter of the thread; even so, Fig. 10 shows 
separation between the sprayed steel and the thread 
flanks, and Fig. 11 indicates that the molybdenum 
remained in intimate contact with the steei. 

Examination of fractured fatigue specimens in which 
the molybdenum had been deposited on polished 
surfaces showed a number of cracks at various points 
around the periphery near the final fracture. The 
appearance of a typical multiple fatigue fracture in such 
a specimen is shown in Fig. 12. 

The fracture appearance of specimens shot blasted 
before spraying did not suggest the presence of similar 


METALLURGIA 


tank 
> 
~~ 
crac 
surf 
< 1,500 
had 
ular 
part 
it 
a st 
app 
and 
con 
test 
thu 
ulti 
ma’ 
fluc 
to. 
tha 
mo 
wh 
con 
mic 
qué 
wh 
ind 
i the 
cor 
the 
sin 
be 
bu 
ho: 
sol 
De 


= 


Fig. 14. 


Partial transformation to martensite within a pearlite 


crystal in contact with sprayed molybdenum. A is the molyb- 
denum, B the alloy layer, C the quasi-martensite, D untrans- 


formed pearlite, and E ferrite. 
tion of 10:1. Etched 2°, nitric acid in alcohol. 


crack systems, but microscopic examination revealed 
that there were in fact a few tiny cracks at the bottom of 
surface indentations in some of the specimens which 
had been tested near the endurance limit of the partic- 
ular series. A typical example is shown in Fig. 13 for the 
78 tons sq. in. steel after 12-86 x 10° reversals at 

37-0 tons sq. in. All the cracks observed in any 
particular specimen had progressed to a similar depth, and 
it must be assumed that the cracks had propagated until 
a state of equilibrium had been achieved between the 
applied stresses and the new local residual stress pattern 
and material conditions, whereby, even with the stress 
concentration provided by the end of the crack, the local 
“endurance limit ’’ had not been exceeded. 

However, it is important to note that these fatigue 
tests were conducted under constant load conditions ; 
thus, although there was little evidence to suggest that 
ultimate failure might be expected in these specimens, it 
may well be that in service, under conditions of widely 
fluctuating stress maxima, such cracks would propagate 
to final failure. It therefore seems reasonable to infer 
that the endurance limits evinced by the shot blasted and 
molybdenum sprayed specimens may be a little optimistic 
when compared with results to be expected in practice, 
particularly when size effects and different loading 
conditions are considered. 

The most interesting feature observed under the 
microscope was the presence of a variable amount of 
quasi-martensite at the steel surface of ferritic specimens 
which had been sprayed with molybdenum. This 
indicated that the temperature of the extreme surface of 
the steel had been raised above the change points by 
conduction of heat from the particles of molybdenum as 
they were deposited upon it. The relatively large heat 
sink provided by the remainder of the specimen would 
be sufficient to provide a drastic quench for such zones, 
but the time at temperature was not sufficient to 
homogenise the austenite, resulting in incomplete 
solution of the carbide lamellae. 
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Taper section with a magnifica- 


2,500 


Fig. 15.—_-Taper section showing one end of the 
major crack in a 78 tons ‘sq. in. steel fatigue 
specimen. The molybdenum is at the top and 
the quasi-martensite is the light etching zone. 

A minor crack is located near A. 250 


Pearlite crystals at the surface of the 32 tons sq. in. 
steel specimens which had been polished before molyb- 
denum deposition showed this effect very well, and 
Fig. 14 illustrates the partial transformation of a pearlite 
crystal, with incomplete solution of the carbide lamellae 
in the transformed zone. The illustration is from a taper 
section and the maximum depth of the quasi-martensite 
on specimens of this type was calculated as of the order 
of 1 x 10% in. The hardness indentations visible in the 
photograph, made with a Reichert microhardness tester 
under a load of 5g., confirm the increase in hardness 
across the pearlite crystal. The mean hardness values 
observed, calculated as for Vickers indentations in 
kg. sq. mm. were :— 


Pearlite (untransformed part of crystal) 230 
550 


Individual molybdenum particles in the sprayed layer* — 1000 

* Holgate* quotes a microhardness, with unspecified load, of 900 V.ILN. for 

individual particles of sprayed molybdenum, 

The narrow irregular layer between the quasi- 
martensite and the molybdenum in Fig. 14 was observed 
on several specimens, and is considered to provide 
evidence of alloying between the molybdenum and the 
steel. This layer is probably an inter-metallic of the 
type Fe,Mo, or Fe;Mo,'*: from measurements on several 
taper sections, its thickness was estimated to be of the 
order of 3 x 10°6 inches. 

Detection of partial transformation to martensite was 
more difficult at the surface of specimens which had been 
shot blasted before molybdenum deposition, due to the 
severe microstructural disturbances resulting from the 
blasting operation. However, microhardness — tests 
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Fig. 16. Crack at A in Fig. 15 in greater detail. 
1,000 


conducted upon a shot blasted and molybdenum 
sprayed 78 tons sq. in. steel specimen indicated a 
hardness of 860-950 in the quasi-martensitic zone, 
dropping through a fairly level hardness plateau of the 
order of 430 in the area deformed by shot blasting to a 
core hardness of 370 V.P.N. The maximum radial 
depth of the quasi-martensitie zone in this specimen, 
measured from the actual steel surface at the area 
concerned, was 1-5 = 10° in. The depth of the cold 
worked zone was estimated to be of the order of 
2-5 in. 

Figs. 15-17 illustrate the influence of the partially 
transformed zone upon the mode of failure of a fatigue 
specimen of the 78 tons sq. in. material tested at 

17-5 tons sq. in. in the polished and molybdenum 
sprayed condition. This test was stopped at 0-66 10 
reversals at the first sign of a major crack—that is when 
failure was imminent but not complete. The major 
crack is illustrated in Fig. 15 which also shows the 
lighter etching quasi-martensite zone at the steel 
surface. It is interesting to observe that although the 
molybdenum deposit had suffered considerable damage 
due to relative movement over the crack in the steel, 
there is no evidence of separation of the molybdenum 
from the steel surface. This provides further evidence 
of the high order of adhesion existing between the 
molybdenum and the steel surface. 

Near the right hand side of Fig. 15, at A, a crack is 
visible* which bridges the junction between the quasi- 
martensite and the core microstructure of the specimen. 
This area is shown in greater detail in Fig. 16, in which 
it can be seen that the crack terminates beneath the 
specimen surface. Fig. 17 shows the intersection of 
another part of the major crack with the steel surface, 


‘This crack is so tine on the original photomécrograph that it has been impos- 
sible te reproduce iton the block, 


Fig. 17.—-Another section of the junction of the major crack in Fig. 
15 with the surface. The quasi-martensite is clearly visible as a 
light etching zone. 
subsidiary crack both occur at the junction between the core 
micro-structure and the quasi-martensite. Taper section with 
a magnification of 10:1. Etched 2°, nitric acid in alcohol. 1,000 


A disturbance in the major crack and a 


and again confirms the remarkable adhesion between the 
molybdenum and the steel surface. In addition, at the 
junction between the quasi-martensite and the core 
structure, the major crack shows evidence of a con- 
siderable disturbance to its progress, resulting in a void. 
To the right of this void there is a small crack lying in 
and parallel with the junction between the core and 
surface microstructure. These observations show that 
the junction plays an important part in the fatigue 
failure of the component. 

The volumetric expansion accompanying the partial 
martensitic transformation at the surface of the steel 
will provide a measure of residual stress in these zones 
which must be balanced by a local tensile stress system 
in the contiguous core structure. This suggests that a 
peak residual tensile stress may exist at or near the 
junction, which may augment the externally applied 
stresses to initiate fatigue failure at or near the junction. 
Such a mechanism of failure would be sensitive to the 
effects of overloading, which would cause a levelling out 
of the residual stress peaks. Since no overloading was 
permitted during the setting up of any of the fatigue 
tests in this work, it seems reasonable to assume that 
the low endurance values observed for molybdenum 
sprayed polished ferritic steel specimens were the direct 
result of the residual tensile stresses produced at the 
junction between the core and partially transformed 
surface structure, and that failure was originated at this 
point. 


Discussion 


Both the adhesion and fatigue tests demonstrated the 
strength of the bond which exists between sprayed 
molybdenum and ferritic steel. This bond presumably 
results from the volatility of the oxide (MoO,) and the 
high temperature of impact of the particles. These 
effects appear to combine to produce a true alloy bond, 
with formation of an intermetallic layer at the junction. 
The rough exterior surface of the sprayed molybdenum 
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then provides an excellent mechanical * key” for a 
subsequent sprayed metal deposit. 

The proportionality between reduction in fatigue 
limit and the U.T.S. of steel sprayed with molybdenum 
is similar to that occurring in nickel and chromium 
plated steels as reported by Williams and Hammond." 

The residual stress system on either side of the bond 
face has been shown to be complex. The tensile’stress 
observed in the molybdenum must be balanced by a 
compressive stress system near the steel surface, which 
might be expected to enhance the fatigue properties of 
the composite material. But the conditions of rapid 
heating and cooling to which the surface of the steel is 
subjected during spraying would equally be expected to 
produce residual tension at the steel surface. Experi- 
ments designed to simulate these thermal cycles con- 
firmed the presence of tensile stresses but indicated that 
they were of very low order. 

The governing factor in the reduction of endurance 
limit as a result of molybdenum spraying appears to be 
the extremely localised stresses set up by small zones of 
quasi-martensite near the surface of the steel. This 
transformation presumably results from the high 
temperature of the molybdenum particles at impact 
(a reflection of the high melting point of molyodenum) 
combined with the quenching effect provided by the 
remainder of the steel cross-section. The effect is thus 
confined to ferritic steels, and could possibly be mitigated 
by a moderate level of preheat in the steel. The time 
for which the high temperatures are attained is obviously 
very short and insufficient to permit the formation of a 
homogeneous austenite. However, the hardness of these 
zones confirms their martensitic character. Russell!® 
states that the volumetric expansion corresponding to 
100°, transformation to martensite is 3 x which 
indicates that even partial transformation may, in a very 
small zone, produce a high order of tensile stress in the 
surrounding material. 

Confirmation of the view that the transformation 
stresses are largely responsible for the damaging effects 
is provided by the results of the fatigue tests upon 
sprayed and unsprayed austenitic steel—subject to no 
phase change. Although only a small number of tests 
was conducted, the reduction in the endurance limit 
when sprayed with molybdenum appeared to be approxi- 
mately 9°,. If this reduction is genuine, it is most 
likely to be due to the tensile stresses at the surface of 
the steel as a result of the rapid heating and cooling 
evele. 

The stress systems in the steel resulting from the 
spraying and transformation processes are localised in a 
very thin layer at the surface, and may be effectiveiy 
“swamped ” by the introduction of surface compressive 
stresses, as by shot blasting. This method also provides 
an excellent mechanical key for the deposited metal. 
It is possible that overloading or * scragging ~” would 
level out the damaging stress peaks in the case of the less 
hardenable steels and result in some restoration of 
fatigue properties. But at the same time, in considering 
the non-propagating fatigue cracks observed in some of 
the shot blasted high strength steel specimens (Fig. 13), 
any overstressing operation would tend to eliminate the 
beneficial compressive stresses left by the blasting 
operation, and would thus encourage the later extension 
of the cracks. It would be interesting to know if these 
cracks were produced by transformation stresses in the 
high strength steels before fatigue testing commenced 
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rather than by fatigue action. Although this aspect was 
investigated, insufficient evidence was produced to 
enable a categorical denial to be made of the existence of 
the cracks before testing. 

Other types of stress system such as push-pull, or 
bending torsional systems on sections of greater size, 
would produce stress gradients across the cross-section 
less steep near the surface than in the fatigue experi- 
ments conducted in this investigation. The indications 
are, however, that suitably controlled shot blasting can 
avert the danger of premature fatigue failure, providing 
that subsequent overloading of the component is 
unlikely. 


Conclusions 


(1) The application of a thin layer of molybdenum 
between steel and the main sprayed metal enhances the 
adhesion obtained. 

(2) The combination of a shot blasted surface and a 
molybdenum underlay produces adhesion comparable 
with that resulting from conventional deposition direct 
on to a reugh threaded finish. 

(3) The application of a molybdenum underlay to a 
rough threaded finish is not justified. 

(4) Fine machined ferritic steels suffer a reduction in 
fatigue strength (measured in rotating bending) as a 
result of molybdenum spraying. The effect is broadly 
proportional to the tensile strength of the steeel. 

(5) Controlled shot blasting of the surface before 
spraying can ensure substantial retention of the original 
fatigue properties when molybdenum is used. 

(6) The combination of controlled shot blasting and 
molybdenum underlay will provide equal adhesion and 
superior fatigue properties to those resulting from a 
rough threaded surface finish which may be required to 
ensure adhesion in the absence of molybdenum. 
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of securing the specimens. 
considerable 
machine due to fatigue failure of the collets used to 
their rapid fatigue failure was 
specimen. 


retain the specimens ; 
initiated by 
advantages of collets are such that it was decided to use 


TACHOMETER — ENGLISH NUMBERING 
MACHINES TYPE 427 WITH SPADE END 
COUPLING TO ARMATURE SHAFT. 


FLEXIBLE DRIVE SOLDERED INTO STEEL 
ENDS. 


4 H.P. SPLIT PHASE MOTOR 2,850 R.P.M. 


FORK DRIVE ROD IN CASE HARDENED MILD 
STEEL WITH GREASE GROOVES, A GOOD 
SLIDING FIT IN REAMED HOLE OF 5. 


COLLET HOLDER, EN 100 STEEL AT 3C” V.P.N. 
COLLET IN EN 100 AT 450 V.P.N.—SEE TEXT. 
COLLET NUTS IN EN 100 AT 300 V.P.N. WITH 


WELL FINISHED 40 T.P.I. THREAD, ARRANGED 
FOR C SPANNER. 


Fig. 18. 


8. BEARING RETAINING NUTS—MILD STEEL. 

9. DRIVEPIN, 4 IN. DIAMETER CASE HARDENED 
B.S. 970 EN 352 OR 353, ETC. WITH CORE 
HARDNESS OF APPROXIMATELY 300 V.P.N. 

10. UNIVERSAL JOINT. 

Il. SINGLE ROW DEEP GROOVE RADIAL BALL 
BEARINGS—SKFEE2. 

12. OUTLINE OF MACHINE BED. 

13. CENTRE LINE OF MACHINE BED. 

14. TUBULAR TIE, FORK BRAZED INTO TOP AND 
PLUG INTO BOTTOM. 

15. FULCRUM FORK. 

16. 


COUNTER BALANCE WEIGHT AND LOCK 
NUT—MILD STEEL. 


APPENDIX 


FINE THREADED LOADING AND STOP BOLT 
WITH LOCK NUT 

KNURLED LOCK SCREW FOR 19. 
ADJUSTABLE MICRO SWITCH TRIP SCREW. 
MICRO SWITCH. 

HARDENED KNIFE EDGE. 

WEIGHT PAN ROD. 

BRACKET FIXED TO FRAME. 

KNIFE EDGE—CRUCIFORM SHAPE, ADJUST- 
ABLE IN SLOTS BY FINE THREADED NUTS, 
SEE FIG. 20. 

LOADING LEVER. 

DOUBLE ROW SELF-ALIGNING BALL RACES, 
SKF1206. BEARING HOUSINGS SPLIT ON 
HORIZONTAL LINES AND RETAINED BY 
NYLOCK NUTS. 


General arrangement of one unit of the fatigue machine. 


Notes on the Construction of a Double Four Point Loading Fatigue Machine 


The design was a simple one based on the 5 ft. long bed 
from an obsolete 6 in. 
18. The completed machine is shown in Fig. 19 : 
the only detail worthy of further comment is the method 
In some earlier experiments, 
experienced 


centre 


Was 


difficulty 


fretting against the 


lathe, 


and is shown in 


970 En 
450 V.P.N. 
taper angle of 4° 
of 0-050 in. 
narrow 
0-050 in. 


in another 


The 


100 steel, 


stiff collets. 


them if possible, but not to employ conventional fully 
hardened and rather 
and very flexible collets were manufactured from B.S. 
heat treated to a final hardness of 
The collets were made with an included 
and a radial thickness at the thin end 
Flexibility was ensured by a succession of 
slots cut from alternate ends, 
diameter holes, 

carefully radiussed by hand. 


Comparatively soft 


terminating in 
the edges of which were 
These collet: were forced 
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Fig. 19._-The completed machine. 


into their housings by circular nuts carrying very care- 
fully finished 40 t.p.i. threads. This rather elaborate 
machining procedure was fully justified by the ease of 
specimen assembly and disassembly and the fact that no 


A publication, The Development of High Tensile 
Aluminium Bronze Alloys for Marine Propellers,’ has 
been issued by The Mond Nickel Co., Ltd. The excellent 
mechanical properties of the complex aluminium bronze 
alloys containing nickel and their resistance to corrosion 
and erosion have led to a remarkable increase in their use 
for many types of marine propellers with outstanding 
economic advantages. The illustrated publication 
describes the various technical and production factors 
involved, and how they must be applied in practice if 
satisfactory results are to be obtained. 

Tue Visco Engineering Company's Brochure No. 582 
describes a new type of automatic dust collector which 
is in many respects revolutionary in conception. In 
this collector, marketed under the name of Bermax, a 
mineral type of filtration medium is used instead of 
textile filter tubes. It is therefore particularly suitable 
for use in high temperature conditions, for the recovery 
of dust having no commercial value, or dust to which 
slight contamination by the filter medium would be of 
no importance. 

Ix a recent issue, we referred to the fact that Woodall- 
Duckham Construction Co., Ltd., were to make plants 
for the Burstlein-Longwy process of coal preparation. 
The Company has now issued an illustrated folder 
describing the method, which depends on blending coals 
according to their petrographic constituents. In this 
Way it is possible to produce a strong metallurgical coke 
from the poorer coking coals. 

British FurNacEs, Lrp., have recently issued Bulletin 
No. 65 dealing with the Allease controlled atmosphere 
furnace. This is a batch-type radiant tube heated unit 
with recirculating fan and enclosed quench, and it 
is available in two sizes, for heating rates up to 500 Ib. ‘hr., 
and 1,600 Ib./hr., respectively. All controlled atmos- 
phere steel treatments can be carried out with or without 
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Teale Publications 


Fig. 20.-_-Semi-exploded view of specimen securing 
arrangements and adjustable knife edge. 


collet failure occurred during any of the tests. A semi- 
exploded view of the specimen assembly is shown in 
Fig. 20, together with the adjustable knife edge used to 
apply the load to the specimen. 


liquid quenching, and parts can be treated in baskets or 
on trays or special fixtures. 

PLatinuM METALS REVIEW maintains its high standard 
of presentation and its articles cover a wide field of 
interest. In the October issue, for instance, the 
following subjects are covered: oxidation catalysts ; 
immersion thermocouples; platinum-coated titanium 
anodes ; the ammonia oxidation process for nitric acid 
manufacture ; reducing infra-red radiation in mercury 
yapour lamps; and increasing the acid resistance of 
stainless steels by additions of platinum metals. 

THE versatility of the Hilger Wavelength Spectrometer 
makes it particularly useful for academic or teaching 
laboratories, where it is cheaper to use one instrument 
with several applications than to buy a separate in- 
strument for each. A new publication on Models D1I86 
and D187, recently issued by Hilger & Watts, Ltd., 
deals with its use for spectroscopy, spectrography 
in the visible and U-V, Raman spectrography, spectro- 
photometry in the visible and I-R, producing mono- 
chromatic light in the visible and U-V, high resolving 
power observations, and measurement of wavelengths. 
MELTING and heat treatment in vacuum are finding 
increasing industrial application, and the September issue 
of the Wild-Barfield Heat-Treatment Journal features an 
article on resistance heated vacuum furnaces. Other 
topics covered in this issue include mesh belt furnaces, 
forced air circulation, and the Wild-Barfield-NRC 
Model 917 hydrogen analyser. 

Grirrin & GEorGE, Lrp., the laboratory furnishers and 
manufacturers of scientific apparatus, are now connected 
to the Telex System at their Alperton Warehouse 
(Telex 21126) and Birmingham Warehouse and Works 
(Telex 33303). Their other provincial branches will be 
connected as soon as the installations are complete. 
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Rolling Mill 
for Processing 
Nuclear Fuel 

Element 
Materials 


Provision for 
Operation in Inert 
Atmosphere 


of atomic power has focused interest on the 

problems involved in processing metal in the 
fabrication of fuel elements for nuclear reactors. The 
utilisation of the heat of the fission process for power 
generation and other industrial purposes is influenced by 
the design of the reactor core and its fuel element 
components. Depending upon the design of the reactor, 
fuel elements can take a variety of shapes and configura- 
tions, including (a) flat, curved and corrugated plates ; 
(4) solid and hollow slugs; (¢) rods; (d) tubes: (e) 
plate, slug, rod and tube assemblies, ete. In addition to 
containing uranium, thorium, and plutonium in metallic 
or compound form, their production may involve non- 
fissionable materials such as stainless steel, aluminium, 
magnesium, zirconium, beryllium, titanium, nickel, 


’ | YHE growth in the last few years in the application 


Front view of the mill stand showing the whole of the equipment which will po les 
be enclosed in argon behind the shield box. 
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A general view of the mill showing the roll changing table, the control desk 
the driving motor, the main gearbox and the hydraulic setting position. 


chromium, copper, silicon, niobium, and molybdenum 
and their alloys. 

Although plutonium 239 is not amongst the most 
radioactive materials, it has been found necessary to 
handle it with extreme care, and very rigid safety 
regulations are laid down against the relatively low 
penetration ability and for preventing the inhalation of 
plutonium-bearing dust. One safety precaution adopted 
is to enclose the equipment by means of a * glove box,” 
which can be of stainless steel and Perspex or glass, and 
is usually fitted with Neoprene gloves entering the 
enclosure for operation of the plant within. A further 
advantage of this type of enclosure is that an inert gas 
at a small negative pressure can be introduced, thus 
facilitating the rolling of materials which would otherwise 
suffer from oxidation. 

Since at this initial stage the quantities 
involved in individual fuel element 
fabrication orders are likely to be small, 
most establishments and companies 
entering this field desire to limit their 
capital investment as much as possible. 
Thus, while conventional practice would 
call for a 2-high hot breakdown mill, a 
2-high cold intermediate mill, a 4-high 
cold sheet finishing mill and, possibly, a 
form rolling mill, it is obviously prefer- 
able to use a single machine capable of 
handling their entire rolling needs. It is 
for this purpose that the Stanat Mann 
2-high /4-high Combination Mill, 
arranged for rolling of difficult metals 
and employing all the roll configurations 
mentioned earlier, has been developed. 

Albert Mann’s Engineering Co., Ltd., 
having already supplied specially de- 
signed small mills of this nature to 
A.W.R.E.:; Commissariat |’Energie 
Atomique, in France; Centre D’Etucde 
Applications de L’Energie 
Nucleaire, in Belgium; Culcheth Labor- 
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A close up of the roll magazine : the rolls are withdrawn 
the magazine traverses to a new position, and a new set of 
rolls is inserted into the mill, all these operations being 
carried out automatically. The movements are hydrauli- 
cally powered, and the hydraulic ram, electrical terminal 
boxes for the interlock system, and the roll insertion 
mechanism are shown on the left-hand side. 


atories of the U.K.A.E.A.; and the Dounreay Establish- 
ment of the U.K.A.E.A.; were re-approached by 
Commissariat & l’Energie Atomique to consider a similar 
application, but involving a much heavier mill. 


The New Mill 


The ideas formulated in designing the smaller mills 
referred to above have been carried a stage further to 
enable the changing of the roll assemblies to take place 
by powered means because of the larger weights involved 
The remote control of this mechanical changing of roll 
assemblies brings with it many problems which do not 
appear with manually operated mills, and these have 
been overcome in some instances by novel means. 

The mill recently completed for Commissariat a 
Energie Atomique is a Stanat Mann 10 in. diameter, 
by 14 in. roll face width, 2-high 4-high combination mill, 
the basic design of which was adapted to the particular 
application ; it incorporates the use of four separate 
roll configurations which are automatically and remotely 
interchanged. The mill has a 600,000 Ib. maximum 
rolling load capacity at a speed of 100 ft. min., and is 
equipped with an infinitely variable speed 2 h.p. screw- 
down motor drive and a 100 h.p. electronically controlled 
Ward-Leonard type main mill drive. | Serewdown 
pressure gauging and metering of the torque transmitted 
through the universal joint spindles have been incor- 
porated. The mill is arranged for sealing within a glove 
box enclosure, the reduction gears, pinion stand and drive 
motor being outside. 


Roll Changing Mechanism 

The roll changing mechanism is actuated from the 
control desk and requires the selection, by a switch, of 
whichever roll assembly the rolling operation to be 
performed necessitates. Operation of the change button 
brings about the complicated electro-hydraulic sequence 
of: (1) disconnecting the screwdown from the top roll ; 
(2) elevating the screwdown to a position which will 
accept any roll configuration: (3) withdrawal of the 
jibs which retain the chocks in position in the mill 
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(4) withdrawal of the roll assembly on to 


housings ; 
the ruil carriage ; (5) support of the universal spindles 
whilst withdrawing the roll assembly ; (6) indexing of 
the roll carriage to line up the new roll assembly selected : 
(7) adjustment of the universal spindles to cater for the 
roll centres of the selected roll assembly : (8) entry into 
the mill of the new roll assembly ; (9) locking into posi- 


tion of the chocks by the jibs : and (10) collection of the 
new top roll assembly by the screwdown mechanism 
with, it should be noted, prevention of any major 
screwdown pressure being applied when there is no 
material between the rolls. 


Screwdown Operation 

The rolls are adjusted by means of a 2 h.p. infinitely 
variable speed drive motor through a double worm 
reduction to the screwdown spindles, a magnetic clutch 
enabling individual adjustment of each side of the mill 
to take place. Screwdown speeds are variable from 
0-18 mm. see. for cold rolling, up to 2-6 mm. ‘see. for 
hot rolling. It will be noted that the secrewdown motor 
drive is arranged outside the glove box enclosure, because 
of the detrimental effect on the equipment if arcing takes 
place on the motor armature within an inert atmosphere. 


Instrumentation 

A comprehensive system of instrumentation is fitted, 
allowing left-hand or right-hand roll pressure or the sum 
of both, to be read at the control desk. These pressures 
are measured by load cells situated between the screw- 
down and the top roll chocks. Measurement can also be 
made of the upper roll neck torque, lower roll neck 
torque and the sum of both. These are measured on the 
universal driving spindles by strain gauges, the signals 
being transmitted via slip rings and brushes mounted on 
the universal joints. A two-pen high-speed recorder is 
provided at the control desk for the recording of the 
roll pressure and roll neck torque. 


Mill Drive and Gearbox 

A combined Timken mounted double helical reduction 
gear and pinion stand designed at Basildon, transmits 
the torque to the universal joint spindles, the gearbox 
itself being driven by a Crompton Parkinson 26 100/100 


A view from the rear of the mill on test, showing the Ward- 

Leonard set and main driving motor supplied by Crompton 

Parkinson. Also shown is the 2 h.p. screwdow nmotor and 
the Klosd motor driving the hydraulic pump. 
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h.p., 200 750. 1,500 r.p.m., 0 420 volt, 191 amp., separa- 
tely excited ventilated motor. The prime mover is a 
Ward-Leonard set comprising a Crompton Parkinson 


1,450 r.p.m., 0 420 volt, 191 amp. shunt wound motor- 
generator set mounted on a common bedplate. Ward- 
Leonard control is used because it is the most economical 
way of obtaining the drive motor speeds required, 
namely, 80-160 ft. min. constant horse power range, and 
5-80 ft. min. constant torque range. 


Control Equipment 


The control equipment developed by the Electronic 
Laboratory of Albert Mann’s Engineering Co. is claimed 
to be flexible in operation over the required speed range, 
and to show economy in capital cost over conventional 
methods of control: it is based on a new technique of 
pulse controlled thyratrons, for which patent application 
has been made. The pulse control method is used because 


it is independent of anode wave form, and does not drive 
the grid positive at any time; in consequence ap 
extremely stiff control of the firing angle may be obtained 
without the use of feed-back control. 

Due to the extreme compactness of the electronic 
components, a space saving for the equipment itself and 
for spares storage can be obtained of something of the 
order of 8 to 1. This will be evident in the illustration, 
where the control consol on view incorporates not only 
the variable speed control for the 100 h.p. mill drive, but 
also the 2 h.p. variable speed screwdown motor control, 
all the relays ete., associated with solenoid control of the 
hydraulic circuits, and the amplification and recording 
required by the torque and screwdown pressure system. 
Very high orders of speed stability and control are 
claimed for this equipment, making close automatic 
control of tension and the introduction of programme 
control comparatively simple. 


Economy in Heating Billets for Forging 


7HEREAS induction heating of billets is by no means 

uncommon, a new unit, believed to be the first of 
its kind built in Britain, incorporating dual-frequency 
heating, has recently been installed by Birlee, Ltd., at 
the works of Forgings & Presswork, Ltd. The unit 
employs mains frequency power for pre-heating the 
billets to 700°C. and high frequency (at 3 ke s.) for 
final heating to forging temperature. By this means 
the required high-frequency generator capacity is 
halved, with substantial savings in capital and running 
costs. Rated at 400 kW. total, half the power is applied 
direct from the 50 eycle power supply and half from a 
B.T.H. motor alternator. A heat-insulated tunnel 
between pre-heating and final heating coils reduces heat 
losses to a minimum. 

Rapid heating ensures that scaling is reduced to a 
minimum and the cycle is arranged for the automatic 
delivery of a regular supply of heated billets at con- 
trolled intervals. The installation is capable of heating 
1 ton hr. of steel billets, though the output is adjust- 


Delivery end of dual frequency billet heating unit. The 
delivery conveyor to the machine can be seen on the left 
and discharge chutes in the centre. 
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able down to 7 ewt. hr. Interchangeable heating coils 
provide for the heating of various sizes of billet, ranging 
up to 4 in. square and 12 in. long, for delivery to a high 
speed Massey forging press. The unit has twin horizontal 
tracks, each equipped with dual-frequency heating coils, 
worked alternately by means of air-operated pusher- 
type feeder mechanisms. 

From the moment billets are loaded on to the elevator 
magazine, their progression through the heater is fully 
automatic. Upon discharge from the high-frequency 
coil, billets are delivered by gravity feed down chutes 
to the forging press. A “ knock-off ’’ device at the exit 
prevents billets from adhering to one another on 
emerging from the coil. Providing space for a ten- 
minute supply of work, the loading magazines are 
equipped with two sets of limit switches. The first 
actuates an alarm when the loaded magazine is becoming 
depleted. After a further interval, should there still be 
no delivery of billets to the magazine, the second switch 
trips off all power. There is thus no danger of over- 
heating residual billets in the coils. 

Since this unit went into commission, a larger one, 
rated at 850kW. has been built for Birlee for Beans 
Industries, Ltd. 


New Company 


PyRoMETRIC EqutpMEnNtT Co., Lrp., Market Harborough. 
Leics., now incorporated into a limited liability com- 
pany as from October Ist, 1958, has taken over the 
assets of Dr. H. Elliss, who founded Pyrometric Equip- 
ment Co., some nine or ten years ago. He developed it 
from being a metallurgical consultant’s business to a 
general laboratory supply house, specialising in the 
manufacture of furnaces and thermocouples — The 
company is also agent or stockist for all the leading 
manufacturers of laboratory supplies—scientific glass- 
ware, porcelain, quartz, filter papers, ete. The new 
Company has been formed with a view to consolidating 
the expansion and development which is taking place in 
the business of laboratory supplies and the manufacture 
of electric furnaces and thermocouples for heat  treat- 
ment, laboratory work and all other applications where 
furnaces are necessary. 
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Blowpipes and Metallurgists 
By M. Schofield, M.A., B.Sc., F.R.I.C. 


The use of the blowpipe as an analytical tool is almost a thing of the past, except, perhaps, 

by mineralogists. It has, however, played a not unimportant part in the story of metals, 

and on the centenary of the deaths of two of its principal protagonists—Carl Friedrich 

Plattner and Robert Hare—the author refers briefly to the work of some of those concerned 
in its development. 


Friedrich Plattner, eminent Swedish metallurgist, 
brings to mind the remarkable work done by 
metallurgists and chemists with the blowpipe, a phase in 
the history of metals followed by a decline of this one- 
time laboratory essential. Time was when all students 
of chemistry and metallurgy carried out charcoal block 
reductions in “‘dry way tests’ preliminary to the 
qualitative analysis of metal compounds. Such blowpipe 
reactions occupied much time; yet most of us recall 
following Newth or other classic tome, with quaint 
illustrations of the blowpipe in action (and even of the 
moustache of the operator in case of Newth). In contrast, 
apart from popular texts such as “‘ Chemical Experiments 
at Home for Boys and Girls,’ as one book is entitled, 
blowpipe analysis has almost completely disappeared. 
Yet just 100 years after the passing of both Plattner and 
of Robert Hare, who gave us the oxy-hydrogen blowpipe, 
it is of interest to review the progress which came from 
such staunch believers in the blowpipe as a vital imple- 
ment in metallurgy, mineralogy, geology and chemistry. 
To describe Plattner as a blowpipe enthusiast is a 
moderate statement. Despite all his duties as Metallurgy 
Professor at the Freiberg School of Mines and his writings 
on the roasting of ores, this one-time pupil of Heinrich 
Rose found time to publish his classic on ** The Use of the 
Blowpipe in the Qualitative and Quantitative Examina- 
tion of Minerals, Ores, Furnace Products and other 
Metallic Combinations, by Professor Plattner, Assay 
Master at the Royal Freiberg Smelting Works.” The 
work was revised by his former student Richter, edited 
in an English version by Sheridan Muspratt, and was 
prefaced by Liebig. The book aroused much interest in 
Britain and America, and was deemed an essential work 
of reference “in every laboratory in Europe.” As 
Muspratt put it : ‘‘ I daily witness the truthfulness of its 
results with my students, who, before dissolving a 
substance for analysis in the humid way, ascertain its 
components before the blowpipe ; which enables the 
mere beginner to discover the presence of Co, Sb, As, 
Pb, Ag, Bi, Mn, Cu, Zn...”” A skilful operator, Mus- 
pratt went on, can prove infallibly the presence of a still 
greater number of substances than the elements claimed 
above. But Muspratt unwittingly included a saving 
clause excusing the less adept ; a note on the remarkable 
skill of Plattner with the blowpipe, “the beauty and 
accuracy of his manipulations which astonished me.” 
The classic was praised by Berzelius, Rose and others 
and was translated ; it was an authentic summary of the 
methods of Gahn and Berzelius, with Plattner’s practical 
experiments added. 


Swedish Development 
The rise of the blowpipe in the hands of Swedish 


Te centenary this year of the death of Carl 
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metallurgists is a highlight, contrasting with its decline 
today except for its surviving use by mineralogists. 
Long before it was used in dry way tests, the implement 
was regarded as an essential “in the arts,” that is, in 
mineralogy. Tobern Bergman told how the first person 
to use it in this field was Andrew Swab or Swarb, 
Swedish metallurgist of the School of Mines. Von Swab 
was a relative of Swedenborg and co-worker with 
Cronstedt in studying Swedish ores. According to 
Bergman, this first pioneer wrote nothing on the subject, 
a point disputed much later in 1889 by W. A. Ross, 
indignant author of a sort of requiem for the blowpipes. 
Even Ross admitted that Axel Cronstedt was a blowpipe 
expert, as well as being noted for discovering nickel and 
for a “System of Mineralogy.”’ Long before Bunsen 
introduced his famous burner, it was claimed that 
Cronstedt could direct a candle-flame on to a mineral 
sample no bigger than a pin head and make it white-hot. 
From Cronstedt’s methods of using the blowpipe vo 
distinguish minerals ‘** by fusible reagents,’ the whole 
technique developed. Cronstedt seems to have published 
only those results useful in identifying minerals ; his 
summary was translated into English in 1770 by von 
Engestrém, an anglicised Swede who added an appendix 
on blowpipe applications. Yet only in Sweden did the 
blowpipe develop fully, appreciation in Britain and 
America having to await the classic work of Plattner. 
Bergman, one of the first chemists to study compounds 
of manganese, nickel, cobalt, tungsten and molybdenum, 
was particularly keen on using the blowpipe for detecting 
metallic elements, rather than solely for minerals. In 
1779 he published, in Vienna, his De Tubo Ferrumina- 
toris,” a work which described among other things how 
Hjelm, set to investigate an unknown metal in molybdic 
acid, first prepared a small regulus of molybdenum. 
Since Bergman suffered from ill health, it was left to 
his assistant Johann Gahn to develop blowpipe technique 
to a high skill. Gahn, Swedish mining engineer who 
learned mining on the lowest and wettest levels,’ was 
the eminent pupil who discovered manganese. He 
carried his blowpipe with him even on the shortest of 
excursions, and could even show how vegetable ash 
contained traces of copper. When he showed ash from 
burning paper also contained copper, Berzelius was 
fascinated (although it has since been claimed by the 
French Professor Nickles, that the tiny copper globule 
came from volatilisation from Gahn’s burner). Un- 
doubtedly it was Gahn who became most expert in the 
practical use of the blowpipe before Plattner. Although 
Gahn published nothing on the subject, according to his 
contemporaries, Ross, in his vigorous attack of 1889, 
maintains that Gahn was the true author of texts at- 
tributed to Berzelius and Bergman. Gahn, continued 
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Ross, died in 1819; Berzelius’s study of the blowpipe 
appeared in 1820. This charge of plagiarism was typical 
of Ross’s powerful criticisms of the usually accepted 
versions of blowpipe history. Ross refers to the year 
1770, for example, when von Engestrém’s translation of 
Cronstedt’s work appeared with the Appendix. Von 
Swarb or Swab was the true author, maintains Ross, for 
Cronstedt had surreptitiously sent a copy of Swab’s work 
to von Engestrém to be published at an appropriate time. 
In 1769 von Swab died; the translation appeared in 
1770. Von Swab was ‘‘ a common miner ”’ wrote Ross, 
whereas Cronstedt was “a nobleman ”’ ; hence he could 
get away with anything. Even Berzelius was not im- 
mune to Colonel Ross’s shafts, for when he gave credit 
to Cronstedt’s published work on the blowpipe, Berzelius 
little realized he would one day be charged with knowing 
well “ while curator of the archives at Stockholm that 
Cramer at Leyden had described a similar blowpipe 21 
years before Cronstedt’s book appeared.”’ This powerful 
criticism of Ross last century may not be fully justified, 
yet his book, “‘ The Blowpipe in Chemistry, Mineralogy 
and Geology,” carries the story into the last decade of 
the 1,800’s. Ross pictures the decline which had already 
set in when he waxes indignant because “ the City and 
Guilds of London Institute have quite recently, by the 
advice of an irresponsible chemist, cut out Blowpipe 
Analysis as worthless from their curriculum. It is 
utterly untaught at the Royal School of Mines.”’ 


Oxy -Hydrogen Blowpipes 

The other centenary of 1958 which concerns blowpipes 
and metallurgists is of the death of Robert Hare, who 
at the age of 20 had provided workers in refractory 
metals with an invaluable tool. Although Hare was 
regarded mainly as a chemist, since he became Professor 
of Chemistry at the University of Pennsylvania, it would 
be more to the point to assess him as a versatile practical 
scientist. By his invention of powerful voltaic piles, 
which he described in American journals in 1821, Hare 
was able to melt iron and even platinum in small ares. 
He was the first to construct an electric furnace in which 
he prepared calcium carbide, graphite and other electro- 
thermal products. But these were not so significant as 
his successful oxy-hydrogen blowpipe, with which he 
melted as much as two pounds of platinum, and with 
Benjamin Silliman showed how many refractory sub- 
stances could be melted. It must be emphasised that 
Hare, rather than Edward Clarke of Cambridge, was the 
true inventor, for although Clarke admitted Hare’s 
claim, there was no public acknowledgment. Clarke had 
begun experimenting when Newman, a_ prominent 
London instrument-maker, had published an account in 
1816 of his blowpipe which used air plus hydrogen. But 
by the time Clarke’s use of oxygen was being tried out, 
Hare’s blowpipe had been in operation nearly twenty 
years. Clarke, who was Professor of Mineralogy at 
Cambridge, almost killed himself on one occasion, since 
he used only one gas-holder or reservoir for hydrogen 
plus oxygen instead of keeping them separate. Even a 
copper vessel blew into fragments in an explosion which 
literally ‘‘ shocked ”’ Clarke and some Fellows of Trinity 
College who were watching. 

In contrast, was Robert Hare’s use of separate con- 
tainers for his two gases in supplying what he called his 
* hydrostatic blowpipe,”’ since it used the two constitu- 
ents of water. His device consisted of a double platinum 
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jet with converging ducts forming the continuation of 
two silver tubes, the jets uniting in a common exit just 


before the tip of the blowpipe. Hare also constructed 
for storing his gases wrought iron containers “ capable 
of sustaining the pressure of the Fairmont waterworks,” 
When he applied his blowpipe to fuse more than thirty 
refractories and his two pounds of platinum, he supported 
these on refractory firebrick, previously heating them 
in a wind furnace when desiring to conserve his two gases, 
Just a century ago came metallurgical applications of 
Hare’s oxy-hydrogen blowpipe when Henri St. Claire 
Deville and his fellow countryman Henri Debray began 
their technique of melting refractory metals directly, 
rather than working by Wollaston’s laborious powder 
metallurgy technique. The two Frenchmen used lime 
blocks in place of Hare’s firebrick, took out patents in 
England as well as in France and other European 
countries, and found in the Hatton Garden platinum 
interests led by George Matthey some industrialists more 
appreciative of oxy-hydrogen melting than were French 
platinum workers such as Desmoutis, Morin and Chapuis. 

Carl Plattner and Robert Hare each found his own 
metier in blowpipes, which though different in their mode 
of application were invaluable in the rise of metallurgy. 


Electrical Industrial Data Sheets 


As part of its campaign to encourage the extended use 
of electricity by industry, and to promote higher indus- 
trial productivity, the Electrical Development Associ- 
ation is running a series of page advertisements in over 
a hundred trade and industrial journals. The advertise- 
ments, headed “ Electrical Aids in Industry,” take the 
form of illustrated data sheets, each outlining a partic- 
ular application of electricity, and stressing the advan- 
tages resulting from its use. The sheets are marked for 
perforation by a punch so that they can be removed and 
kept together in a folder for future action by indus- 
trialists, works managers, and production engineers 
generally. Those issued or in course of preparation up 
to the present are entitled :—Electro-Heat, Induction 
Heating 1, Induction Heating 2, Resistance Heating |, 
Resistance Heating 2, Light-Sensitive Cells, and Indus- 
trial Lighting. Others will follow from time to time 
covering such subjects as electronics and automation. 

These data sheets will appeal to many in the industrial 
and educational fields. Copies can be obtained, after 
publication as advertisements, on application to the 
Electrical Development Association, at 2, Savoy Hill, 
London, W.C.2. 


Graphite Products Representation 


GREAT LAKES CARBON INTERNATIONAL, LTb., with sales 
offices at 140 Park Lane, London W.1, has been ap- 
pointed sales representative for all commercial products 
of the new Anglo Great Lakes Corporation, Ltd., 
graphite plant at Newcastle upon Tyne. In addition, the 
firm will also market graphite products of the Great 
Lakes Carbon Corporation, U.S.A., throughout the 
United Kingdom and Western Europe. Great Lakes 
Carbon International, Ltd., now offers the electro- 
metallurgical and electro-chemical industries in these 
areas an extensive line of highest quality graphite 
electrodes, graphite anodes and graphite specialties. 
Charles H. Harrison, European Sales Director and Cyril 
G. Conway, Sales Engineer, are conducting the firm’s 
sales activities. 
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The Production 
and Fabrication of 
Nickel Alloys 


Hereford Plant of 
Henry Wiggin & Co., Ltd. 


were built originally for the Ministry of Supply 

as a strategic plant for the production of the 
Nimonie alloys, which have played such an important 
part in the development of the jet engine. Erection of 
this plant—which consisted essentially of two 3,500 Ib. 
induction melting furnaces, a 5,000 ton extrusion press, 
and hot and cold sheet mills—began in 1951, and the 
first ingot was extruded in 1954. 

In 1956, the company purchased the works from the 
Ministry of Supply, with the object of concentrating all 
production there, and, at the same time, of modernising 
and expanding production facilities. The first stage of 
this development is now complete with the concentration 
at Hereford of all production melting and metal recovery 
activities. It is planned to complete the modernisation 
and concentration by 1965, when the works, laboratory 
and office buildings will cover approximately 25 acres—as 


1- Hereford works of Henry Wiggin & Cu., Ltd., 


compared with the present 7 acres—of a total site area 
of 52 acres. 


Wellman low ground charging machine removing ingot from 


furnace for feeding to extrusion press. 


December, 1958 


Pouring from one of the Birlec 3 ton arc furnaces. 


The main production departments—melting, machin- 
ing, extrusion, hot and cold sheet rolling, maintenance, 
inspection and stores—are accommodated under one 
roof. Separate buildings house the raw materials and 
scrap stores, pickle shop, boiler house, metal recovery 
section, laboratory, canteen, medical department, and 
general administrative staff. 


Melting 


The melting plant comprises three Birlec induction 
furnaces and two Birlee direct are furnaces. The former 
have each a capacity of 3,5001b. and an additional 1 ,5001b. 
body is available to give a range in size of cast. The 
furnace linings are either a magnesia-base refractory or 
silica, and the power supply to each furnace is provided 
by a 750 kW. generator operating at a frequency of 
1,000 

Each of the are furnaces has a capacity of 3 tons and 
a power input of 2,000 kVA and an output voltage of 
82-215 V. Four interchangeable bodies are available for 
use with the two furnaces, so that a number of 
different alloys may be melted without frequent 
changes of lining. Rammed magnesite is used for 
the furnace hearths, high alumina bricks for the 
side walls, and sillimanite bricks for the roofs. The 
8 in. graphite electrodes pass through holes in the 
roofs, the latter being lifted and swung aside for 
charging purposes. To facilitate this operation, the 
ventilation hood above the furnaces is made in 
sections which can be moved sideways. 


There are three principal methods of casting 
ingots for subsequent fabrication: by casting i 
uphill in clusters, by the Durville process, and by : 
conventional top casting, using tundishes in most 
cases. Exothermic feeder heads are used in many 
“ases to improve the quality of, and the yield from, 
the ingots. The choice of casting method depends 
on the type and size of the ingot, which may be 
destined for extrusion at Hereford or Glasgow or 
for rolling at Birmingham. Besides ingots, the 
Hereford plant is the source of alloys for remelting 
elsewhere for casting production, and for this 
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Input end of Loewy 5,000 ton extrusion press. 


purpose Sheppard water-spray-cooled — pig 
machines are available. 

Associated with the melting plant but housed in a 
different building is a metal recovery plant in which 
melting slags and grinding swarf are treated. The 
equipment includes crushers, ball-mills, sieves and 
Wilfley table for concentration and separation, and 
350 Ib. Birlee-Detroit rocking are furnace for melting. 
From this furnace small ingots suitable for remelting 
are cast. 


casting 


Machining 

The machining department is divided into two sections. 
one for machining cast ingots for subsequent extrusion 
and forged billets for sale, and the other for removing the 
surface from extruded bar by peeling or lathe turning, 
followed where necessary by a_centreless grinding 
operation. 

It is standard practice to extrude ingots with feeder 
heads attached, but with the rough surface removed by 
machining. Durville cast ingots are only lightly machined 
at the most, but uphill cast ingots are machined 
over the whole surface after removing the runners. 
Some 3 in. is removed from the diameter to fit the 
press container, and any small defects remaining 
are removed locally by grinding. 

Bar peeling is preferred to lathe turning on 
extruded bar, since the machined surfaces are 
superior and the output is considerably higher. 
Longer bars can be accommodated, but there is a 
lower limit to the length of bars which can be dealt 
with in this way. 


Extrusion 


The products of the extrusion department can be 
divided into three groups: (a) round bar for 
machining on centre lathes or by bar peeling and, 
for example, subsequent pressing or forging to 
rotor blades : (4) rectangular section bar for direct 
machining to finished parts suchas stator blades for 
yas turbine engines ; and (¢) rectangular section 
bar as a starting material for the hot and cold 
sheet mills, or square section bar for rod rolling. 

The ingots, which are produced in four standard 
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sizes, ranging from 6{% in. to 11? in. diameter, arp 
heated in four Wellman furnaces to betwee, 
1.100° C. and 1,215° C. The town’s gas used fo 
heating has its sulphur content reduced to about 
5 grams per 100 cu. ft. to minimise attack on the 
ingot metal. 

The 5,000 ton Loewy extrusion press has one 

cylinder of 3,500 tons capacity and another of 
1.500 tons, power being supplied by air-hydraulie 
accumulators. The smaller cylinder is used for 
piercing when hollow extrusions are required. The 
four sizes of container used range from 7} in, to 
12} in. diameter, the length being 3 ft. in each case. 
The extrusion dies are normally made of 10% 
tungsten steel, but results with Nimonic 90 are 
encouraging, particularly when extruding Nimonie 
100, and it is expected that Nimonic 90 will 
eventually be used for all extrusion dies. The 
Séjournet technique of glass lubrication is used and 
the die life varies from thirty to fifty extrusions, 
depending on the section and the alloys under 
production. The bulk of the alloys at present ex. 
truded at Hereford are nickel-chromium and nickel. 
chromium-cobalt bar alloys for high-temperature and 
corrosion-resisting applications. 

On leaving the press the bar is sheared to length and 
cooled to room temperature by water cooling or in air, 
depending on the alloy and or the section size. The cold 
extruded stock is then cleared of visible defects on 
abrasive cutting machines or a cold saw. 


Rolling 

Hot rolling in the sheet department is carried out on 
two Davy-United mills. With 32 in. diameter rolls, the 
roughing mill is capable of reducing 2 in. bar to 0-2 in. 
thick sheet, and the hot finishing mill can take 0-5 in. 
stock and reduce it to 0-08 in., or thinner, by pack rolling. 

The stock is heated for rolling in three gas-fired furnaces 
using desulphurised town’s gas. Of these units, one isa 
continuous furnace for heating the sheet bar prior to 
reducing it in the roughing mill, and the other two serve 
to heat the resulting sheet for finish rolling. Auxiliary 
equipment includes a Head Wrightson roller leveller 
capable of handling | in. sheet: two Bronx shears. 


Quenching tank and air-operated throw-out gear at end of 


165 ft. run-out table from extrusion press. 
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Sheet being fed into the hot sheet finishing stand from the 
furnaces. 


one 5 ft. by 4 in. and the other 10 ft. by } in.; and a 
Schloemann sheet doubler. 

For cold rolling there is a 4-high 300 h.p. Davy United 
reversing mill with a variable speed of up to 150 ft. /min. 
This mill has 15 in. diameter by 44 in. long work rolls 
and 38 in. diameter back-up rolls. Equipment for an- 
nealing cold-rolled sheet comprises two Birlee continuous 
belt annealing furnaces, one 54 in. wide and the other 
32 in. wide: both can operate at temperatures up to 
1,050° 

Sheet is either roller flattened or stretched, depending 
on the alloy and the gauge. The dividing line for many 
alloys is 0-048 in., the thinner material being stretched. 
Stretching is also used for thicker material in the precipi- 
tation-hardening Nimonic alloys, whose high elastic 
limit makes roller flattening difficult. The two Bigwood 
stretching machines will handle material up to } in. 
thick, and of the two Ungerer roller levellers, the 
respective capacities are 0-O1 in. to 0-04 in., and 0-048 in, 
to 0-125 in. : there is also a Bronx machine taking mat- 
erial up to 0-072 in. Shearing of sheet up to } in. thick is 
effected by three Bronx machines, two cutting 10 ft. 
lengths and the other one 4 ft. lengths. 

An Efco-Virgo salt bath is available for pickling 
sheet : this process makes use of a patented salt mixture 
containing activated agents which are mainly oxidising 
m nature, and is followed by acid pickling, with an 
intermediate water wash. Shot blasting is necessary on 
all extruded products except those quenched from the 
press. Quenched extruded sheet bar is. however, shot 
blasted to reveal surface defects. Defects revealed by 
shot blasting or other descaling processes are removed by 
grinding in the case of the harder alloys, those in the 
oe qualities are eliminated by fettling with pneumatic 
enisels. 


Inspection 


Because of the arduous conditions under which much 
of the material produced at Hereford will have to 
Operate. is is essential that it should be free from defects 
which would be likely to make their presence felt in 
service. To this end, close control is necessary from the 
raw material to the finished product, and in addition to 
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Input side of 4-high cold sheet mill. 


the laboratory operations referred to later, the material 
is inspected and tested at all process stages. 

The hot working characteristics of each cast of alloy 
are determined over a wide range of temperatures before 
processing begins. This is done by means of bend and 
compression tests. and poor results involve scrapping 
of the cast. Further hot working tests may be carried 
out on extruded bar intended for subsequent forging. 

Internal soundness of extruded bar and section is 
checked at various stages by ultrasonic and eddy- 
current testing, and electrolytic etching and dye pene- 
trant testing are used for the final inspection of machined 
bar, to ensure that all surface defects have been removed, 


Metallurgical Laboratories 


The main functions of the metallurgical laboratories 
are: (a) the examination of samples from each pro- 
duction batch to ensure conformity with specification, 
particularly with regard to chemical analysis and 
high temperature mechanical properties ; and ()) the 
initiation and supervision of projects to improve 
material and processes, particularly the latter. The work 
of the six main sections is described briefly below. 


Analytical Section.—About 70°, of all the analytical 
determinations are carried out on two Hilger quartz 
spectrographs and a Hilger direct reading  Poly- 
chromator. The latter instrument. housed in an air- 
conditioned room, is used for the routine analyses of a 
number of alloys, including the Nimonic series, and in 
order to take full advantage of its rapidity of operation, 
a pneumatic tube transfer system has been installed te 
expedite delivery of samples from the melting furnaces 
to the laboratory. 

Conventional chemical analysis is still all important 
for dealing with elements and contents not suitable 
as yet, for spectrographic methods and, most important 
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Eddy current testing of bar for the presence of 
internal flaws. 


of all, for accurate determination of alloy conterts of 


spectrographie standards. Apparatus includes mercury 
‘athode electrolysis cells, and Unicam SP.600 and 
Spekker absorptiometers for colorimetric determinations 


Mechanical Testing Section.—This section, which is at 
present comparatively small, is equipped with a 50 ton 
Denison tensile testing machine, a Houndsfield Tensio- 
meter, an Avery impact testing machine, and Erichsen 
cupping machines. Testing at room and elevated 
temperatures is carried out on production material, 
mainly sheet and strip. 


Creep Testing Section.—Every production heat of 


Nimonie alloy, except Nimonic 75 and Nimonie DS, is 
tested before full processing is undertaken, to ensure 
conformity with the specification. Further creep tests 
are performed on samples of the final product before 
release to the customer. Routine tests are usually 
carried out at temperatures in the range 570-940° C., 
with a stress range of 7-21 tons sq. in. The section 
comprises sixty machines built to a Mond Nickel 
Company design and three French autographic record- 
ing machines. Currently, some 400 routine creep tests 
are completed monthly, but in order to meet the 
increasing demands for stress rupture testing, some 
forty more auto-recording machines to a new design are 
being installed. 

Metallographic Section —This section—whose equip- 
ment includes a Vickers projection microscope and a 
number of bench microscopes—is concerned with a 
variety of work, ranging from ad hoc laboratory and 
production investigations to long term development 
work. Final polishing of plastic-mounted specimens 
is normally carried out on diamond impregnated cloth. 

Heat Treatment and Workshop.—Using electrically 
heated furnaces capable of operating at temperatures 
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up to 1.300° C., the workshop is primarily conceried with 
the preparation of samples for analysis and testing jn 
other sections. 


Quality Control Section.—This section analyses and 

reviews technical production records with a view to: 

(1) Presenting weekly analyses of yields and re. 
jections to pinpoint aspects of production 
requiring attention. 

(2) Preparing detailed analyses on selected specialised 
processes, 

(3) Providing and keeping up to date internal data 
sheets and specifications for the whole range of 
production alloys and alloys still in the develop. 
ment stage. 

(4) Providing a service of statistical analysis when. 
ever it is required. 


Rolling Mill Electrical Plant Order 


As part of the expansion programme for their Rogerstone 
Works. Northern Aluminium Co. Ltd., have ordered 
from A.E.1. Heavy Plant Division, Rugby, a number of 
large electrie drives for rolling mills. The main mill 
unit in this programme is a new 144 in. 4-high reversing 
plate mill, the drive for which will comprise two 
4,000-h.p., 30, 60-r.p.m. D.C. motors forming a twin- 
drive. The combined cut-out peak rating of these 
motors is 24,000 h.p., and the corresponding torque is 
1.875 ft.-tons, which exceeds that of any mill drive vet 
installed in Britain. The two motors are supplied from 
a flywheel motor-generator set driven by an 8,000-h.p., 
11,000-volt’ induction motor. 

Also included in the contract is all the electrical 
equipment for the slab shears, serewdowns, table rollers 
and other auxiliaries. The table rollers are driven by 
D.C. motors which are supplied from grid-controlled 
mercury are rectifiers. The control of these rectifiers is 
practically identical with that used for mercury are 
rectifiers supplying reversing mill main drives. 

The reversing mill is to be located at one end of the 
existing hot line. At the other end is a train of 4-high 
finishing stands, and this is being extended by the 
addition of a further stand and by increasing the capacity 
of the drive on an existing stand. This calls for the 
installation of two new 4,000 h.p., D.C. motors, and these 
will be fed from two 3,200 kW., 675 volt grid controlled 
mercury are rectifiers, a further 2,080 kW., 440 volt 
rectifier being installed to supply an existing 2,600 h.p. 
mill motor. 

In addition to this main drive equipment for the 
finishing mill, A.E.I1. Heavy Plant Division is supplying 
all the auxiliary drives, including a special hot coiler 
equipment. Most of the above electrical equipment will 
be built at Rugby. 


Industrial Gas Plant in Glasgow 


A NEW PLANT capable of manufacturing several million 
cubic feet of high purity oxygen and nitrogen per week 
is now being erected at Polmadie, Glasgow, for British 
Oxygen Gases, Ltd., a compressing station is also being 
built which will be capable of meeting the increased 
demands for compressed oxygen, nitrogen and air in the 
district. All industrial gases, including argon, hydrogen 
and propane, will be distributed from the new works. 


METALLURGIA 


De 


— 
aa 
| 
2 
por 
C0- 
the 
Re 
ma 
pre 
sig 
fiel 
inc 
in’ 
lo 
col 
inf 
Br 
col 
; ne 
4 IS | 
dis 
Sut 
(lis 
th 
no 
pre 
for 
’ 
as 
ba: 
me 
for 
of 
av: 
an 
We 
evi 
= 
) 


ction 
lised 


data 
ge of 
elop. 


r 


tone 
ered 
er of 
mill 
‘sing 
two 
win- 
hese 
le is 

vet 
rom 
L.D., 


‘ical 
lers 
by 
lled 


are 


the 
‘igh 
the 
the 
ese 
led 


the 
ing 
iler 
vill 


PA 


Aluminium 
Pressure 


Vessels 


Symposium on 
Design, Manufacture 


and Use 


Part of the display of aluminium pressure vessels. The 110 cu. in. 
spherical bottle forms part of an aircraft pneumatic system and 
operates at 2,000 Ib./sq. in. ; the operating pressure of the 45 cu. in. 


cylinder for 


tion of Mechanical Engineers on October 28th, 

1958, a Symposium on The Design, Manufacture 
and Use of Aluminium Pressure Vessels. This Sym- 
posium was arranged by the Institution with the 
co-operation of the Aluminium Development Association, 
the Institute of Welding and the British Welding 
Research Association. 

In the last few years, considerable progress has been 
made in using aluminium pressure vessels. By a 
pressure vessel is meant any vessel operating at pressures 
significantly above or below atmospheric. The main 
fields of application are in the chemical and allied 
industries, but there is a growing need for such vessels 
in the engineering world generally, where lightness, good 
low-temperature properties, and certain 
corrosion resistance are important. 

Although the use of these vessels is growing, very little 
information about them has so far been published in 
Britain. There are still several problems to be solved in 
connection with aluminium pressure vessels, and these 
need attention and study. Knowledge of these problems 
is available in certain instances, but it is not yet widely 
disseminated, and the Symposium aimed at bringing 
such knowledge together by the written papers and by 
discussion. Further, while in some countries abroad 
there are standard specifications and codes of practice, 
no such codes exist in Great Britain, and the Symposium 
provided a suitable opportunity to examine the need 
for British standards and codes. 

The papers covered the main aspects of the subject : 
a survey of codes of practice in other countries ; the 
basic properties of the aluminium alloys available ; the 
methods of fabrication—and here the welding aspect 
formed an important part ; and experience in the use 
of aluminium pressure vessels, with case histories where 
available. Through all the papers the theme of stress 
analysis and design was kept to the fore. The papers 
Were presented in two sessions during the afternoon and 
evening with a break for tea. 


ie E was held in the Meeting Hall of the Institu- 
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kinds of 


emergency aircraft undercarriage operation is 


750 Ib. ‘sq. in. 


The Symposium was opened by the President of the 
Institution of Mechanical Engineers, Air Marshal 
Sir R. Owen Jones, and the Chair was taken in the 
afternoon by Professor Hugh Ford, of Imperial College, 
and during the evening by Dr. E. G. West, of the 
Aluminium Development Association. 


Topics Discussed 


The titles and authors of the papers and a summary 
of their contents follow. 

CriricAL Review or Existing Copes or PRACTICE 
FOR THE CONSTRUCTION OF PRESSURE VESSELS IN 
ALUMINIUM AND Its ALLOYS 
By R. J. Rose and J. G. Youne 
(British Welding Research Association) 
American and Continental codes that consider the use 
of aluminium and its alloys for pressure vessels and 
storage tanks are critically reviewed in order to put in 
perspective the factors that must be discussed in the 
preparation of a code for use in Britain. The review is 
confined to the use of welding as a fabrication method. 
The aspects of design covered include values of working 
stresses, thickness of cylindrical drums, joint efficiency 
factors and the design of details. In a section on 
metallurgical and testing requirements, the subjects 
discussed include materials and processes, joint design, 
quality control and post-weld examination. Observa- 
tions relevant to the preparation of a British code 
conclude the review, and the proposals, discussed in the 
paper, of Commission XI of the International Institute 
of Welding for a rational design procedure for pressure 

vessels are reproduced in an Appendix. 

Properties OF British ALUMINIUM-BASE MATERIALS 

SUITABLE FOR THE CONSTRUCTION OF PRESSURE VESSELS 
By E. 


(Aluminium Development Association) 


The available information is summarised on the 
properties of pure aluminium and non-heat-treatable and 
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heat-treatable aluminium alloys particularly suitable 
for the manufacture of pressure vessels. Although the 
principal materials considered are wrought, some data 


are included for selected casting alloys. The aspects 
covered include physical properties, tensile and com- 
pression properties, shear strength, fatigue strength, 
properties at elevated temperatures, properties at sub- 
zero temperatures, effect of welding on properties, 
nuclear properties, resistance to corrosion, and surface 
treatment. The paper is confined to British Standard 
materials and to the results of investigations in Great 
Britain. 
FABRICATION OF ALUMINIUM PRESSURE VESSELS 
By J. F. Lancaster 
(Kellogg International Corporation) 

This paper aims at describing the procedures used for 
the manufacture of aluminium pressure vessels in the 
United Kingdom. Owing to the relatively small number 
of vessels produced, and to the fact that their manufac- 
ture in large sizes and relatively thick plate is a recent 
development, fabrication techniques are not yet 
standardised ; the inert-gas-shielded welding processes 
are still in the course of active development, whilst in 
Great Britain vessel end flanges and fittings are available 
only ina limited range of sizes. However, much progress 
is being made in fabrication methods, and it is likely 
that in the near future British industry will be capable 
of producing aluminium and aluminium-alloy pressure 
vessels to engineering standards fully equivalent te 
those used for ferrous vessels. 

The first aluminium vessels were made using the 
hammer welding technique, and were shown at the Paris 
World Exhibition of 1900. In hammer welding. the 
edges to be joined are chamfered and lapped, and after 
heating to about 350° C. are hammered until the film 
between the two faying surfaces is broken down and a 
pressure welded joint is made. 

A few years later the production of a suitable flux 
made oxy-acetylene welding possible, and this method 
replaced the hammer welding technique, which, owing 
to the tenacious oxide film occurring on the surface of 
aluminium, requires great skill if a sound joint is to be 
produced. Subsequent development was slow, and no 
major change took place in the method of fabrication of 
aluminium vessels until the inert-gas-shielded are 
processes were introduced in the early 1940s. Since then 
great strides have been made in technique, and most of 
the limitations in plate thickness and design, made 
necessary by the character of gas welding, have now 
disappeared. 

EXPERIENCE WITH ALUMINIUM PRESSURE VESSELS 

By C. A. Terry 
Ltd., Metals Division) 
and G. B. Roperts 
(Marston Excelsior Ltd.) 

Pressure vessels can be defined as closed vessels 
operating at pressures above or below atmospheric. They 
are a feature of much industrial activity, being particu- 
larly widely used in many branches of mechanical and 
chemical engineering. Although aluminium and _ its 
alloys can still be regarded, historically speaking, as 
comparatively new constructional materials. they have 
invaded almost every part of the engineering scene ;_ it 
is not surprising, therefore, despite obvious limitations 
of low strength in the unalloyed materials, and relatively 
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low melting point, to find them specified as materials for 
the manufacture of pressure vessels. They are particu. 
larly valuable in the chemical field, for in certain en. 
vironments their resistance to corrosion is excellent. 
Other notable properties include low density, non. 
sparking, non-toxic and non-magnetic characteristics, 
and high thermal conductivity. 

In this short paper. details are given of a number of 
pressure vessels which exploit one or other of the various 
virtues of aluminium, and the data are discussed from 
the point of view of service experience. It is conclude? 
that aluminium pressure vessels of widely different types 
are giving excellent service, which has in some instances 
extended over many years. The data reported are 
considered to be important in that they provide concrete 
evidence of such service, and the hope is expressed that 
the satisfactory nature of the experience gained will find 
early recognition in B.S.1500 and other codes governing 
the design and manufacture of pressure vessels. 

The Symposium was very well attended and dis. 
cussion was lively in both afternoon and evening 
sessions. Written communications on the papers may 
be sent to the Institution of Mechanical Engineers and 
should be received by December 15th, 1958. The 
Institution will eventually publish a complete account of 
the Symposium, including the papers and comments 
received. 

Exhibition 

In conjunction with the Symposium, the Aluminium 
Development Association arranged a small exhibition 
which was on view in the Marble Hall at the Institution 
of Mechanical Engineers throughout the day of October 
28th. It included photographs of pressure vessels and 
other equipment, many interesting samples of welded 
thick aluminium plate, and specimens illustrating the 
properties of welded aluminium. 

*articularly noteworthy were cross sections of 
welds in 44 in. thick plate. There were also on view 
copies of the various relevant standards and codes of 
practice in use in various countries. 


Nickel Exhibition at Cranfield 


More than two thousand people attended a four-day 
exhibition devoted to the latest developments and uses 
of nickel held last month at the College of Aeronautics. 
Cranfield. The exhibition was organised by The Mond 
Nickel Company in co-operation with the College. and 
included a number of striking working demonstrations 
of the wide application of these materials in all branches 
of industry. A particular feature of the week was a 
lecture symposium, organised by the Department ot 
Aircraft Materials in the college, and attended by two 
hundred specially invited representatives from the 
aircraft industry, as well as by several hundred people 
from educational and industrial establishments. The 
lectures were concerned particularly with the application 
of nickel alloys in aircraft engineering. At the lunch 
organised for the occasion, Professor A. D. Baxter, a 
former Professor of Aircraft Propulsion at the College. 
and now a director of the De Havilland Engine Co., Ltd.. 
welcomed the meeting as a sign of the growing activity 
of the new materials department, and of the excellent 
and extensive co-operation it has received from The 
Mond Nickel Co., Ltd. 
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Welding Heat 
Exchangers for 
Nuclear Power Plant 


World’s Largest Welding 


Boom in use at Hunterston 


plied by Quasi-Are, Ltd., is now in operation on 

site at Hunterston nuclear power station, which 
is being built by The General Electric Co., Ltd., in 
association with Simon-Carves, Ltd., the Motherwell 
Bridge and Engineering Co., Ltd., and Mowlems 
(Scotland), Ltd. The sixteen heat-exchanger vessels 
being fabricated for the station are cylindrical pressure- 
tight containers which, when erected, will be 73 ft. 6 in. 
high and 19 ft. 6 in. in diameter : they will weigh over 
200 tons each. Inside these shells will be banks of 
specially-finned boiler tubing comprising the economiser, 
evaporator and superheater sections of the unit. 

The vessels themselves are being fabricated on site at 
Hunsterton by the Motherwell Bridge and Engineering 
Company in a_ large, fully-equipped welding shop 
constructed for the purpose. Each vessel is built up 
from six strakes, plus a top and bottom head and a 
supporting skirt. Each strake is composed of three 
shaped plates, and all internal and external seams, 
longitudinal as well as circumferential, are welded 
automatically by Quasi-Are equipment. The design of 
an automatic welding installation on this scale, 
especially when all welds have to be of the highest 
possible X-ray quality, has presented numerous prob- 
lems, and special machines have been produced to meet 
these exacting requirements. 

Basically, the workshop area is divided into two bays, 
each serviced by an overhead 40-ton Goliath crane. 
Among the operations carried out in the first are the 
setting-up and tack-welding of the strakes and the top 
and bottom heads. The strakes are then moved to the 
second bay, which has two parallel sets of rails running 
down its length. It is in this bay that the main auto- 
matic welding operations are performed. The longi- 
tudinal seams in the strakes are first welded with a 
traversing and swivelling welding boom, the largest of its 
kind in the world, each strake being supported on one of 
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A 35 ft. high-lift welding boom undergoing tests at the 
Gateshead Works of Quasi-Arc, Ltd. 


the 40-ton roller-beds. The strake then passes via 
turntables to the next set of rails for circumferential 
welding. For this purpose, a second and somewhat 
smaller traversing welding boom is used, running on a 
separate track alongside the roller bed track. At the 
same time the swivelling boom, which runs on the first 
set of roller bed tracks, can be turned through 90° and 
also brought into use over the second set of rails. As the 
cylindrical vessel is built up it is X-rayed at every stage: 
holes are machined and nozzles and branches fitted, 
the complete shell is stress-relieved and hydrostatically 
tested, and finally the assembly is treated in a 
clean conditions chamber and dry-sealed ready for 
erection. 


Description of Equipment 

All welding is being carried out by the Unionmelt 
process, using a total of four Quasi-Are multi-power 
D.S.H. welding heads, mounted on two traversing 
raise-lower booms, two heads to a boom. In this method 
of welding two wires are used, each operating indepen- 
dently, having its own power source, feed motor, voltage 
control and nozzle assembly. Both wires are fed into a 
common weld pool. The current and are voltage can be 
adjusted separately for each wire, allowing great flexi- 
bility in adjusting weld shape and penetration to obtain 
the best results at maximum welding speeds. Current is 
supplied by two Quasi-Are transformers in Scott connec- 
tion, giving a maximum total current of 2,000 amp. 
Welding speeds obtained with the multi-power Union- 
melt process can be more than twice those obtained with 
single wire welding. Both booms traverse on rails, 
having a welding speed traverse controllable between 
6and €0 in. min., anda high-speed traverse of 20 ft. min. 
for rapid positioning. Welding controls are provided at 
the welding head itself, governing all functions of both 
the boom and the traversing roller beds supporting the 
section being welded. The operator is accommodated 
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A general view of the Motherwell Bridge and Engineering Co's. 
workshop at Hunterston, showing seven of the ten 40-ton roller 
beds and (extreme right) the smaller of the two traversing 


The swivelling high-lift boom fitted with Union- 
melt multi-power welding heads in action at 
Hunterston power station. 


either sitting or prone at the welding head, and each 
boom carries its own power unit. 

The smaller of the two booms. intended for external 
welding, will normally operate at right angles to the 
axis of the section welded, running on rails parallel to the 
roller bed rails. The other boom, in order to give the 
whole installation maximum flexibility. travels on the 
same rails as the roller beds, and is arranged to swivel 
through 360°: it can perform both internal and external 
welds, the maximum length of internal weld being 
approximately 22 ft. External welds on vessels of 
somewhat over 20 ft. in diameter can be performed with 
both booms. Again, for purposes of flexibility, remote 
control of all manoeuvring operations, but not of welding 
conditions, is provided on the bogie of each boom. Ten 
roller-bed units are provided in the installation, each of 
which can support up to 40 tons, with a maximum of 
20-tons ft. eccentric loading. Vessels with a maximum 
diameter of slightly more than 20 ft. can be accommo- 
dated. All ten units are drive units for both rotation and 
traverse : in the case of rotation, driving power is applied 
to both sides of the bed. The roller beds are arranged 
with welding speed traverse facilities, in case conditions 
should require stationary operation of the boom at any 
time. 

The vessels to be welded are supported on special 
rubber-tyred wheels to ensure good grip and even load 
distribution. The carriage supporting the pairs of rolls 
incorporates special pre-loaded rollers (which are the 
subject of a patent application) to enable them to be 
easily moved to accommodate vessels of different 
diameters when the bed is unloaded. Each roller bed 
can be operated as a separate unit, or any number can be 
yanged together and will then operate as a single unit. 
Power for rotation and traverse of the roller beds is a 
variable D.C. supply obtained from A.C. via a grid- 
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welding booms. 


controlled thyratron circuit. This arrangement facili- 
tates ganging, which can be carried out simply by 
connecting a plug on one bed to a socket on the next. 
Each roller bed has a safety trip switch in case of over- 
load; when a number of beds are ganged together, 
operation of the trip in one of them will stop the whole 
gang, but an indicator light will tell the operator which 
bed has the fault. 

An unusual feature of this site welding shop will be the 
transportation bogies supplied as an integral part of the 
installation. After welding and radiographic examina- 
tion is completed, the heat-exchanger vessels will be 
loaded on to a set of four bogies. They will then be 
transported to the stress-relieving area, where they will 
be given a 4 in. heat-insulating lagging. Hot 
will then be passed through the vessel for purposes of 
stress relieving. During this process the bogies will be 
water-cooled. 

The vessels will then be filled with water for pressure 
testing. The weight of a vessel when filled with water 
will be approximately 1,200 tons ; under this load, the 
weight is not supported on the wheels of the bogie, but 
on special supporting pads. A rubber mounting bet ween 
the support cradle and the track wheel frame ensures 
equal load distribution. When carrying loads of up to 
300 tons, the bogies can readily be moved by any 
convenient means such as a capstan or tractor. 
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Dominican Bauxite Mining 


THE first part of the Alcoa Exploration Company s 
programme in the Dominican Republic—the building of 
harbour facilities at Enriquillo, and a road from the 
bauxite deposits at Las Mercedes and Aceitillar —has 
heen completed. Work will be transferred from the 
Construction to the Mining Division of the company in 
December this year. when mining operations will be 
commenced. First shipments of bauxite are expected 
to take place in January, 1959. Exploitable deposits 
are estimated at 60 million tons of ore, with an alu- 
minium content of 45-50°,. Mr. J. Van Blijergurgh 
will take charge of operations from H.Q. in Ciudad Trujillo. 
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NEWS AND ANNOUNCEMENTS 


Mond Nickel Fellowships 
Tae Monp FELLOWSHIPS COMMITTEE announced 
recently the award of a Fellowship for 1958 to the 
following applicants : 
Mr. G. H. Lonewortrn (Lancashire Steel Manu- 


facturing Co., Ltd.), to study the manufacture of 


plain carbon and alloy steels for rod and wire products. 
in the U.K... on the Continent, and in the U.S. 


Mr. J. C. Morrison (Carron Company), to study 
melting, moulding and heat treatment of alloy cast 
irons, quality control of metal and sand plants in 
modern foundries, and new developments in related 
metallurgical processes. 

Mr. T. Tarr (Colvilles, Ltd.), to study the technical 
and economic factors involved in the use of oxygen 
in steel industries in the U.K., on the Continent, and 
in the U.S. and Canada. 

The Mond Nickel Fellowships Committee now invites 
applications for Fellowships of an approximate value of 
£900 to £1,200 for 1959. Fellowships will be awarded to 
selected candidates of British nationality with degree or 
equivalent qualifications to enable them to obtain wider 
experience and additional training in industrial estab- 
lishments. at home or abroad, to make them more 
suitable for future employment in senior technical and 
administrative positions in British metallurgical indus- 
tries. Each Fellowship will cover one full working vear. 
Applicants will be required to state details of the 
programme they wish to carry out. Particulars and 
forms of application are available from: The Secretary, 
Mond Nickel Fellowships Committee, 4, Grosvenor 
Gardens, London, 8S.W.1. Completed application forms 
are required by the June Ist, 1959. 


Corrosion Prevention Research 
Exhibition 
THE Corrosion Group of the Society of Chemical Indus- 
try is again organising an exhibition relating to pre- 
vention of metallic corrosion at the Battersea College 
of Technology, Battersea Park Road, London, 8S.W.11, 
on Thursday and Friday, 22nd and 23rd January, 1959. 
The main theme of the exhibition is the apparatus and 
techniques used for research and for control of anti- 
corrosion processes, but recent developments in other 
fields will be shown. On Thursday, 22nd January, the 
exhibition will be open, from 6.30 p.m., only to members 
and their friends attending the Group’s Annual Con- 
versazione, and tickets will be required. On Friday, 
23rd January, the exhibition will be open to all, without 
tickets, from 9.30 a.m. to 3.30 p.m. 


Birlec-Efco (Melting), Ltd. 


Ir is announced that the Board of the newly-formed 
company—Birlec-Efco (Melting), Ltd.—comprises G. P. 
Trxker (Chairman), J. C. Howarp (Managing Director). 
F. S. Leicu (Assistant Managing Director), D. L. 
CampBetL, J. H. Crosstey, P. F. Hancock, J. A 
Monks and T. G. Tanner. The Secretary of the com- 
pany will be J. C. Manrett. The company has been 
formed by Birlee, Ltd., and Efco, Ltd., for the design 
and supply of all types of electric melting furnaces, 
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including vacuum melting furnaces, for the ferrous and 
non-ferrous metals industries. together with smelting 
furnaces and induction heating equipment. Its offices 
are at Westgate, Aldridge, Staffs. 

The joint experience of the two companies is con- 
siderable in this field. More than 600 are furnaces and 
700 channel type induction furnaces have been installed 
all over the world. The figures for high frequeney 
melting units is about 400, and in the relatively new 
field of mains frequency coreless induction furnaces, 
some 50 units have already been ordered. Induction 
heating equipment has been installed for brazing, heat- 
treatment and reheating for forging, the total capacity 
installed by the two companies exceeding 30,000 kW. 
Numerous submerged are smelting furnaces have been 
installed, and a pilot smelting plant for demonstration, 
research and development will be operated by Birlec- 
Efeo (Melting), Ltd., near the Aldridge offices. 


Steel Works Buildings Conference 
THe Plant Engineering and Energy Division of the 
British Iron and Steel Research Association is organising 
a conference on the general theme of * Tron and Steel 
Works Buildings.” at Ashorne Hill, near Leamington 
Spa, from [3th to loth January, 1959, under the direetor- 
ship of Mr. R. L. Witnorr, DS.0.. O.B.E., Chief 
Mechanical Engineer, John Summers and Sons, Ltd. 

Ten papers will be presented. In addition to several 
covering British constructional steelworks — practice. 
there will be contributions by French and German 
designers working in this field. An important feature of 
the conference will be detailed consideration of the civil 
and structural engineering aspects which influence 
capital and maintenance costs and facilities for improv- 
ing output. The conference will close with a paper on 
the architectural aspects of steelworks buildings by 
Mr. F. Gisperp, C.B.E.. who’ will 
summarise the proceedings. 

Further details of the organisational arrangements. 
ete., may be obtained from the Technical Secretary, 
Plant Engineering and Energy Division, British Lron 
and Steel Research Association, 140 Battersea Park 
Road, London S.W.11. 


also 


High Temperature Oxidation Lecture 


Dr. C. E. BrrcHeNnaue (Associate Professor of Chemis- 
try at Princeton University, U.S.A.) has accepted an 
invitation from the Metal Physics Committee of the 
Institute of Metals to lecture on “The Oxidation of 
Metals at High Temperatures.” The lecture will be 
given at 6.30 p.m. on Thursday, lth January, 1959, at 
the Institute’s headquarters, !7 Belgrave Square. 
London $8.W.1. No tickets are required, and visitors 
will be welcome. 


Computer Training Course 
So great has been the interest shown in Emidec 1100, 
the new digital computer. that E.M.1. Electronics, Ltd.. 
has organised a series of training courses at Hayes for 
programmers from customers’ staffs, and for other 
interested executives. This is an intensive. practical 
course which, after introductory lectures on such 
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matters as machine characteristics and flow charting, 
quickly gets down to cases. Each computer function is 
studied in detail and typical applications are mentioned 
throughout the course. Emidec training courses last for 
three weeks, and several places have already been 
reserved for the next course, which starts on 12th 
January, 1959. 


Personal News 


Mr. E. G. MacDowk tL, Chief Sales Management Ofticer 
of Aluminium, Ltd., is retiring at the end of the year after 
occupying the position for the past thirty years. Mr. 
MacDowell, who will continue in the capacity of Director 
and Vice-President of the Company, will be succeeded 
by Mr. E. J. Mesa, a Director and Vice-President of 
Aluminium, Ltd., at present Chief Employee Relations 
Officer of the Company. 


MaJsor-GENERAL E. P. Reapman, C.B.E., T.D., who 
recently retired from English Steel Corporation, Ltd., 
has joined the Boards of Darwins Group, Ltd., and 
Andrews Toledo, Ltd., The Sheffield Forge & Rolling 
Mills Co., Ltd., and the other subsidiary companies of 
the Group. 

Mr. R. A. MiLuar Craic, has been appointed General 
Works Manager for the new factory which is now under 
construction by Carbide Industries, Ltd., at Maydown, 
Londonderry. Carbide Industries is a unit of the 
Chemicals Division of the British Oxygen Company. 
Ow1nG to his other commitments in the Vickers Group, 
Mr. A. H. Hiro is relinquishing his seat on the Board of 
Directors of Vickers-Armstrongs (Engineers), Ltd. 


Mr. G. C. R. Exey, C.B.E., has joined the Board of 
The British Oxygen Co., Ltd. 


ProFgEssor E. N. pa C. ANDRADE, F.R.S., Emeritus 
Professor of Physics in the University of London, has 
been awarded the Hughes Medal of the Royal Society 
for his distinguished contributions to many branches of 
classical physics. 

The following appointments in the A.E.I. Turbine- 
Generator Division have been announced recently :— 
Mr. J. RicHMoND has been appointed Divisional Execu- 
tive (Rugby), in succession to Mr. J. G. Boppy, who 
relinquished this position in order to take up another 
appointment, and Mr. J. W. Warp has been appointed 
Assistant Sales Manager (Rugby). Mr. D. R.S. TURNER, 
formerly Manager (Larne Works), is now Divisional 
Commercial Manager, and has taken over the duties 
previously performed in that capacity by Mr. R. J. 
COCHRAN, Wio is devoting full time to his position as 
Divisional General Manager. Mr. R. R. Wuyre, 
hitherto Divisional Manufacturing Manager (Trafford 
Park), has been made Divisional Manufacturing Manager, 
retaining his existing appointment as Assistant Works 
Manager (Mechanical), Trafford Park. Mr. W. T. H. 
GoLpInG and Mr. R. O. Kyicut have been appointed 
Works Manager and Superintendent, respectively, at 
Larne Works. 

Mr. E. Wacker, Director of the Aviation and Engineer- 
ing Divisions of Birfield Industries, Ltd., has been 
appointed Managing Director of The Phospher Bronze 
Co, Ltd., in succession to Mr. A. N. WoRMLEIGHTON. 
He will be assisted by a team which includes Mr. P. 
BROADBENT, Mr. J. KircHeN and Mr. G. Swinyarp. 
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Mr. Broadbent will be Works Manager, Mr. Kitchen 
Sales Manager, and Mr. Swinyard Chief Metallurgist. 
Mr. K. P. KALuGREN has been appointed Manager of 
the third overseas subsidiary company of The Solartion 
Electronic Group, Ltd., which is in the course of forma- 
tion in Sweden. 


REcENT engineering and commercial appointments 
announced by Metropolitan-Vickers Electrical Co., Ltd., 
include those of Mr. C. F. SaunpeErs, formerly Chief 
Engineer, Heating and Welding Department, as Chief 
Engineer, Standards Department; Mr. G. H. Mout, 
formerly Assistant Chief Engineer (Heating), Heating and 
Welding Department ; as Chief Engineer Heating and 
Welding Department; Mr. R. F. MANSFIELD, as Assistant 
Sales Manager, Industrial Control Department; and 
Mr. F. Crowruer, as Assistant Chief Engineer (Design), 
Industrial Control Department. 


Wo tr Etecrric Toots, Lrp., have announced a number 
of appointments to the Board of Directors. Mr. N. 
McCann, Secretary since 1945, becomes Secretary and 
Director ; Mr. R. G. J. Nisper, General Manager of the 
Toronto Branch, becomes Director of Canadian Opera- 
tions; Mr. J. A. Jackson, Works Manager, Works 
Director ; and Mr. W.N. Scou-ron, Home Sales Manager, 
Sales Director. 

Str Lesitige Rowen, K.C.B., C.V.O., and Mr. R. P. H. 
Yapp (whois a Director of Vickers-Armstrongs, Ltd.) have 
been appointed to the Board of Vickers, Ltd. 

On 31st October, 1958, Mr. J. W. HeaTHcoTE retired 
from his position as Purchasing Manager of Ferodo, Ltd., 
after 34 years’ service with the Company. He is suc- 
ceeded by Mr. J. Holdgate. 

Str Donavp BatLey, Kr., O.B.E., J.P., Director of the 
Ministry of Supply’s Military Engineering Experimental 
Establishment at Christchurch, Hants, (usually known as 
M.E.X.E.) has been co-opted to the Council of the 
British Welding Research Association. 


British ALUMINIUM Co., Lrp., announce that 
Mr. A. W. KILLEEN has been appointed Manager, Leeds 
Branch Office, to sueceed Mr. A. E. HEELEY. 


Mr. H. N. Wigan has resigned from the Board of the 
Amber Chemical Co., Ltd. Mr. J. FrrmMtnaer, who 
joined the Company at the end of 1957, and was appointed 
General Manager Home Sales, is now appointed Tech- 
nical Manager. 

Mr. J. Somiru, J.P., Technical Director of the National 
yas & Oil Engine Co. Ltd., has been appointed Technica! 
Director of Petters, Ltd. 


Obituary 


WE regret to announce the death on Sunday, 9th 
November, at the age of 64, of Mr. E. J. Wapprncroy, 
a Director of Vickers, Ltd., and of Vickers-Armstrongs 
Ltd. Until his resignation recently, owing to ill health. 
Mr. Waddington was also on the Boards of many 
Vickers subsidiaries. He joined Vickers Limited in the 
Accounts Department in London in 1920, and became 
Secretary of the Company and of Vickers-Armstrongs. 
Ltd., in November, 1944. Mr Waddington was elected 
a Director of Vickers-Armstrongs in March, 1950, and 
of Vickers in January 1955 when he became Director of 
Administration. In April, 1957, he was appointed 
Director of Finance, relinquishing, because of his impaired 
health, his appointment as Director of Administration. 


METALLURGIA 


MIR 
Qua 
* to 
atel 
elec 
out] 
sine 
are, 
tack 
T 
posi 
hori 
In | 
give 
one 
run 
chai 
) 
and 
cor! 
The 
the 
elec 

by 
Tra 
all 


Tu 
whi 
and 
trea 
of 
dri 
faby 
emy 
pre. 
tem 
out 
elin 
or ¢ 
any 
ven 
pan 
A 
and 
mai 
illu 
size 
sus] 
ind: 
mor 
14} 
han 
can 
div: 


Dex 


| 


tchen 
irgist, 
rer of 
irtion 
orma- 


nents 
Ltd., 
Chief 
Chief 
ULE, 
and 
and 
stant 

and 
sign), 


mber 

N. 
and 
f the 
orks 


RECENT DEVELOPMENTS 


MATERIALS : PROCESSES : EQUIPMENT 


Mirrospeed Electrodes 
MirrosPEED electrodes, designed for fast and economic 
welding of mild steel, are now being manufactured by 
Quasi-Are, Ltd. They are said to be easy to use and a 
“touch *’ technique is preferred, so that even a moder- 
ately skilled welder can achieve sound results. The 
electrodes are suitable for production work where high 
output and good weld profile are of major importance, 
since their characteristics include smooth running, quiet 
are, and fluid, yet easily-controlled, slag. Easy slag de- 
tachability enables de-slagging to be kept to minimum. 

The electrodes are satisfactory for welding in all 
positions, and are particularly suitable for flat and 
horizontal-vertical fillet welding and flat butt welding. 
In fillet welding the electrode can be “ drawn out” to 
give very long run lengths. In addition, it is usual to use 
one size larger gauge than normal, so that even longer 
runs can be made at high speeds, and less time is lost in 
changing electrodes. 

Mirrospeed are manufactured in sizes ranging from 
12 s.w.g. to 4. s.w.g., inclusive. They are fully extruded 
and coded under B.S8.1719 : 1951 classification as E.217, 
corresponding to the AWS/ASTM classification E.6012. 
They can be used on A.C. or D.C. ; in the case of D.C. 
the electrode can be connected to either pole. The 
electrodes conform to B.S. 639 : 1952, and are approved 
by Lloyds Register of Shipping and the Ministry of 
Transport and Civil Aviation for welding mild steel in 
all positions. 

Quasi-Are, Ltd., Bilston, Staffs. 


Plastic Plating Barrel 


Tut EPE 24 totally immersed hexagonal plating barrel 
which has just been introduced by Sonic Engineering 
and Equipment, Ltd., is made from } in. thick specially 
treated, abrasion resistant Perspex, assembled by means 
of nylon screws. The bearings and the intermediate 
drive gears for rotating the barrel are of resin-laminated 
fabric, and the insulated tie rods are the only steel parts 
employed, so that the barrel is resistant to all types of 
pre-cleaning and plating solutions at all operating 
temperatures and can thus be used effectively through- 
out the entire cleaning and plating cycle, thus 
eliminating a great deal of handling. Since no cement 
or doughing is used in manufacture, the replacement of 
any part is a simple process as compared with con- 
ventional barrels, where the replacement of a damaged 
panel, for example, is often a major operation. 

A quick release lid is fitted to the barrel for loading 
and unloading, and the perforations in the panels are 
made to suit the type of part to be plated: the model 
illustrated has a central partition to enable different 
sizes of parts to be plated at the same time, and the 
suspension arrangements can be modified to suit 
individual requirements. The overall length of this 
model is 24 in. and the diameter across the flats is 
I4} in., giving a process load of up to 90 Ib. The 
hangers are rubber covered so that no deposit build-up 
can take place, and barrel units can be supplied in- 
dividually or with whatever types of tank and drive unit 
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are required, such as individual plating units or complete 
cleaning, plating and rinsing units for large scale 
production. 

Parts which can be successfully plated in this type of 
barrel include safety pins, rivets, nails, all types of 
serews, bolts, nuts, washers and small automobile and 
aircraft components. In particular, many types of 
article which, because of their size, would normally have 
to be individually jigged and vat plated can be 
processed. 

Sonic Engineering and Equipment, Ltd., 120-130, 

Parchmore Road, Thornton Heath, Surrey. 


Control Equipment Housing 


OnE of the many problems created by the rapid increase 
in the use of electronic and electro-mechanical control 
methods is the provision of a suitable housing for the 
varied and complex wiring assemblies found in this 
type of equipment. To manufacture a housing for each 
individual installation would be a costly business, and 
to overcome this difficulty several firms have turned their 
attention to the production of a standardised unit 
which, in addition to accommodating all types of 
assemblies, also provides adequate access for servicing 
and complies with the necessary safety requirements. 

A cabinet developed originally to meet Admiralty 
requirements, is designed on the Meccano principle, so 
that the various components of the housing can be 
built up in any series of combinations to suit different 
wiring systems. The unit consists of a cabinet | ft. 11 in. 
wide by 2 ft. 14 in. deep and 5 ft. 8} in. high, made of 
aluminium alloy on an angle frame with a casting top 
and bottom. This casing takes three standard drawers 
of open frame construction into which the wiring 
assembly is dropped on its chassis and supported by side 
members. The drawers are 8 in., 12 in. or 16 in. high 
and can be used in any combination to give a total 
height of 48 in. Each is mounted on runners and can be 
latched in the closed, half-open or fully-open positions. 
The drawers have a detachable front panel which 
carries indicator lamps and fuses and is also designed to 
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accommodate meters and safety switehes which will 
operate when the drawers are closed. 

The cable form is carried on the side of the cabinet 
and taken into the drawers ona flexible harness attached 
at one end to the cabinet and at the other to the drawer 
frame. This prevents the possibility of chating or tight 
bends. Connection can then be made to the chassis 
with plugs and sockets. 
the cabinet provides accommodation for the cable form 
termination joints, and there is a detachable cover plate 
which will accept cable glands and conduit, ete. The 
units also have removable side panels to permit linking 
up between cabinets where required. 

Each cabinet is self-contained and in addition to being 
dust and splash-proof, has built-in cooling and heating 
facilities and is suitable for slight pressurisation. There 
is also provision for overheat warning. 

H. & E. Lintott, Ltd., Horsham, Sussex. 


Dust and Fume Sampling 


MEASUREMENT of the quantities of industrial fumes 
and dusts discharged into the air is a problem affecting 
many industries, and the iron and steel industry in 
particular. In consequence, the British Iron and Steel 
Research Association has developed an advanced system 
of gas sampling and measuring, which in a series of works 
trials has proved very successful. Longworth Scientific 
Instrument Co., Ltd., have now developed a production 
version known as LISA (Longworth Lsokinetie Sampling 
Apparatus). which can also be used as an aid to process 
control. for by measuring the flow rates and temperatures 
of gases it can indicate the presence of air leaks and 
consequent waste of heat and fuel. 


LISA consists essentially of tive linked units—sampling 
probe, filter unit, cooling coil, pump units, and instru- 
ment unit. In addition, a combined pitot tube and 
pyrometer is provided for measuring gas velocities and 
temperatures, 

The operation of the apparatus is quite straightforward, 
as the following details show. stainless-steel probe 


A compartment at the top of 


faces directly into the stream of dusty gas and a sample js 
withdrawn isokinetieally, i.e. it flows into the nozzle jy 
the same direction and with the same velocity as th 
local undisturbed gas stream, so that the dust conten 
of the sample accurately represents that of the main gas 
stream at that point. The sample is then drawn through 
the weighed filter and cooled to ensure that corrosiy; 
liquids are not condensed in the sampling train. Tyo 
gas-tight vane pumps, equipped with by-pass valves and 
connected in parallel, then expel the filtered and cooled 
gas sample through a gas flow-rate indicator and ay 
integrating meter. The filter is then re-weighed, and th; 
concentration is obtained by dividing this mass by the 
volume of the gas sample. , 

In order to sample isokinetically, the gas velocity and 
temperature in the stack are measured with the combined 
pitot tube and pyrometer and indicated on the inelined 
gauge and millivoltmeter. Simple two-column tables 
are then used which relate this gauge reading to th 
isokinetic sampling rate, which is maintained by operat. 
ing one of the by-pass valves. This simple method of 
How-rate control is made possible by placing the meter 
after the pumps where gas pressures and temperatures an 
virtually constant. 

Rates of gas and fume emission from steelmaking 
processes can vary rapidly ; the sampling train must 
therefore collect a weighable sample of dust and funy 
very quickly. A robust filter assembly has accordingly 
been designed which incorporates a throw-away filter o! 
graded glass fibres, held in a re-usable stainless-stee 
canister, the whole of which can be weighed on a ehemica 
balance. The filter pads will filter iron-oxide fume from 
corrosive gases at 300° C., at a rate of 3 cu. ft. min 
whilst the sampling probe and pitot tube can withstand a 
temperature of 650° C. 

Longworth Scientific Instrument Co., Ltd... Abingdon 

Berks. 


The Cold Bonderite System 


THe cold Bonderite system for spray pre-treatment 
plants, which is firmly established in the United State- 
of America, has now been made available in the Unitec 
Kingdom, where production experience has alread) 
shown that the coating results obtained are equal t 
those of conventional cleaners and phosphating materia: 
at greatly reduced overall cost. 

The cold Bonderite system is designed primarily fe 
treating steel by spray application, but mixed productio: 
of steel and most types of zinc surfaces may also ! 
coated in the same solution. However, if production 
consists entirely of zinc, other Bonderite systems ar 
preferable. The cold Bonderite system has effecte 
remarkable fuel economies, whilst loss of water b) 
evaporation has also been significantly reduced. h 
addition maintenance has been drastically curtailed 
particularly coil cleaning. the need for which has bee! 
almost eliminated. In the case of plant stoppages, th 
shut-down period prior to entering the spray tunnel ha 
been almost obviated, since there is no longer any nee 
to wait for the plant to cool. 

The system includes new cold alkali cleaners effectiv 
within the temperature range 60-120° F. and a_ nev 
cold Spra-Bonderite process. In many cases, rinses ¢al 
be run cold. It should be emphasized that in using th 
cold Benderite system the chemical costs are no highe! 
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than with conventional processes, and in fact in many 
cases the chemical costs are reduced. 

The treatment converts the metallic surface into a 
phosphate coating, which inhibits corrosion and in- 
creases the adhesion and durability of paint finishes. 
This substantial inerease in the life of the paint finish 
results from the fact that the coating provides a clean, 
grease-free surface which is a corrosion inhibiting base 
for paint, and also acts as a non-conducting bond be- 
tween the paint and the base metal. 

The Pyrene Co.,Ltd... Metal Finishing 

Great West Road, Brentford, Middlesex. 


Division. 


Speedivick 2 Electrodes 


Tue most recent addition to the Metrovick range of 


electrodes. the Speedivick 2, is a high-grade contact 
electrode for the downhand welding of steel. The 
electrode coating has a high iron powder content, and 
this feature affords two important advantages. The 
coating being electrically conductive, striking and _ re- 
striking of the are is greatly facilitated. Additionally, 
the iron powder is deposited along with the core wire, 
giving much longer runs of welding per electrode : the 
metal recovery is approximately 135°, of the core 
weight, as compared with about 90°, for a standard 
rutile type electrode. 

The maximum welding currents of the Speedivick 2. 
are more than 20°, higher than for average electrodes, 
This, considered with the characteristics as above, and 
with the further advantage of very easy de-slagging. 
makes for economy in use. Principal applications are 
long and short runs of fillet welding, outside corner 
joints and butt joints, including those with deep- 
groove preparation and high radiographic requirements. 
The are length being self-adjusting, with the clectrode 
tip in contact with the work, only average skill is 
required of the welder. 

Speedivick 2 electrodes are suitable for use with A.C. 
or D.C. (either polarity), and with A.C. the electrode 
operates satisfactorily with open circuit voltage as low 
as 45. The electrodes are available in six sizes, } in. 
diameter and 4-12 gauge, and have been approved by 
Lloyds and the Ministry of Transport and Civil Aviation 
for the welding of mild steel in the downhand position, 
also by the Ministry of Supply for welding carbon 
manganese steels (carbon 0-26°,). Class FV 1050/1V. 
B.S. 1719 Classification number for the electrode is 
E 947 

Metropolitan- Vickers Electrical Co., 

Park, Manchester 17. 


Ltd., Trafford 


Magnetic Conveyors 

THE magnetic elevator shown here offers a rapid and 
direct method of transportation of steel components. 
Unlike the conventional conveyor, the angle of inclina- 
tion is not of critical importance, since the unit has the 
Versatility of operating at any angle from the horizontal 
to the vertical position and, in some instances, is arranged 
to lift vertically prior to transporting horizontally. 

Either side of the conveyor can be arranged as the 
Operational surface, a feature which enables the com- 
ponent to be carried in the customary manner—but at 
hitherto prohibitive angles—or suspended from the 
underside. The latter enables the pick-up and trans- 
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ference of light-weight metal components from one 
conveyor to another or one process to another. 


The equipment is self-contained, extremely adaptable, 
and portable types are available. It is produced in 
several belt widths, whilst the angle of inclination and 
overall height can be arranged to individual requirements. 
Amongst the many and varied potential applications is 
the transportation of crown corks in the bottling process, 
the feeding of small blanks to automatic machinery : 
charging and discharging of degreasers ; and loading and 
clearing presses of both components and serap. 

Rapid Magnetic Ltd., Lombard 

Birmingham, 12. 


Machines, Street, 


Antifoaming Agent 


MipLaAND Siticones, Lrp., have announced that they 
are marketing a new antifoaming agent, MS Antifoam 
Emulsion RD, which is claimed to be the lowest priced 
silicone defoamer on sale today. MS Antifoam RD is a 
highly dispersible oil-in-water emulsion ; it is extremely 
easy to use and will disperse quickly in cold water, or it 
may be added direct to a foaming system without prior 
dilution. As well as having excellent thermal stability, 
it is effective in very small concentrations and is parti- 
cularly economical in use. 

Antifoam Emulsion RD is the result of numerous tests 
and experiments carried out at the company’s research 
laboratories at Barry, and at various factories throughout 
the country, where it was tested under actual working 
conditions. Owing to the great variety of foaming 
problems it is necessary to determine the optimum 
concentration required for any system. In practice 
concentrations between 10 and 500 parts per million are 
used, and 200 parts per million is suggested as a starting 
point for trials. Antifoam RD will find uses in the 
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adhesive, paper, paint and varnish, rubber, metalworking, 
soap and detergent, textile and chemical industries. 
Fluid Sales Department, Midland Silicones, 
68 Knightsbridge, London, S.W.1. 


Ltd., 


Bright Tin Plating 


For a number of years, a considerable need has been 
felt in many industries for a tin plating process that 
would produce a fully bright deposit without polishing or 
scratch brushing. Such a process has now been developed 
by the Tin Research Institute and has been established 
on both a laboratory and a production basis. The most 
important constituent of the bright tin plating process 
is the brightener, made from wood tar by a special 
process. A revivifying agent has also been developed 
for addition to an old bath when a decline takes place in 
the brightness of the deposits produced, an occurrence 
well known with other bright plating processes. The 
brightener and the revivifying agent for this process, 
manufactured by Shirley Aldred & Co., Ltd., are now 
exclusively available in England and Wales from Sonic 
Engineering and Equipment, Ltd., under the name of 
Brytin, together with full technical service. 


Left--chassis tin plated by normal process ; 
chassis tin plated by Brytin process. 


right 


It will be appreciated that the Brytin bright tin 
plating process has a very wide field of application, 
particularly for parts that are to be soldered. One of 
its main advantages is that the bright coating is not 
perceptibly marked with the fingers. 

Sonic Engineering and Equipment, Ltd., 120-130, 

Parchmore Road, Thornton Heath, Surrey. 


Cold Junction Box 


A COLD junction box, for use when a large number of 
thermocouples are sited an appreciable distance from 
their indicating or measuring points, has been intro- 
duced by Sunvic Controls, Ltd. The unit can be installed 
on the plant and thermocouple leads gathered to it for 
automatic compensation. The distance from cold junc- 
tion box to indicating or measuring point can then be 
covered by ordinary copper cable with a consequent 
considerable saving in cost. In addition, the cold junc- 
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tion box gives greater accuracy than normal methods of 
compensation, and is usually set to maintain a temp. 
erature of €0° C. + 0-1°%. This accuracy is essential for 
most forms of data handling. The unit accommodates 
sixteen pairs of copper-constantan leads, the sixteen 
compensating cables, and a cold junction thermostat. 
A test thermometer can be inserted to check the perfor. 
mance of the latter. The case is dustproof and measures 
11 in. wide < 20 in. high x 6 in. deep overall. 


Sunvic Controls, Ltd., 10 Essex Street, London. W.02. 


One-Can Etch Primer 


THE improved etch primer marketed by Federated 
Paints, Ltd., is a new version of the original Strathelyde 
etching primer, the first one-can, ready-for-use type to 
be manufactured in this country. It now has absolute 
stability and indefinite can life, and entirely banishes the 
temperamental features of its predecessors. Because of 
its stability, the new Strathclyde etching primer PA-10, 
ensures the uninterrupted application by spray-gun 
which is so essential in automation. It is equally 
effectively applied by brushing, spraying or dipping, and 
by any of these methods air dries quickly in 30 minutes: 
it may be stoved for even quicker drying. 

The primer is not a paint but a metal conditioner : it 
bonds itself to the surface by means of its etching action, 
and the resultant adhesion is claimed to be quite 
phenomenal. Its adhesion to mild steel, or cadmium 
plate, for instance, is such that it would require over 
3,000 Ib. sq. in. to remove it. This is more than double 
the adhesion of a good quality metal priming paint. 
Its claim to outstanding adhesion is already fully sub- 
stantiated but, as further proof, so that prospective 
users can check its properties for themselves, the manu- 
facturers are making available free sample tins. 


Federated Paints, Ltd., Dobbies Loan, Glasgow. 


Spraying Tungsten Carbide 

THE introduction of tungsten carbide to the range of 
materials available for hard facing by metal spraying 
has recently been announced by the Metallizing Equip- 
ment Co. Ltd. Tungsten carbide is extremely hard 
(Rockwell A88—90) and should provide excellent wear 
resistance under extreme service conditions. For such 
extreme conditions the maximum carbide content is 
required in the coating, and this is now successfully 
achieved. While straight tungsten carbide can by 
sprayed, the coating is of no value, since the particles are 
poorly bonded together and the mass cannot be fused 
within itself or to the base. The tungsten carbide is 
therefore mixed with a suitable matrix, which after 
fusing, will give a homogeneous coating completely 
fused to the component base metal. The new Metco 
Thermo Spray powder will give a deposit efficiency of 
93°,, the deposit containing almost 80°, tungsten 
carbide. On problems of extreme abrasion this might 
well provide the solution. An important feature of the 
new material is its very low thermal expansion coefficient. 
eliminating high stresses during cooling. Even on 
straight chrome steels a coating of tungsten carbide can 
be applied with no difficulty and without the need for 
slow cooling. 


Metallizing Equipment Co. Ltd., Chobham, Woking, 
Surrey. 
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Volumetric Determination of Magnesium in Aluminium 


Alloys by Ethylene-diamine-tetra-acetic Acid (EDTA) 


By R. C. Jackson, W. Stross and L. H. Wadsworth 
On behalf of the Chemists’ Committee* of ALAR, Ltd.+ 


The determination of magnesium by titration with EDTA has found wide application 
in the laboratories of members of the Association of Light Alloy Refiners. A paper giving 
one of the techniques evolved has already appeared in this journal. It is thought worth- 
while to add now to this a report about alternative techniques and to review the results 


obtained. 


Furthermore the elimination of interference by calcium has now been 


achieved in various ways and the techniques for this are described and discussed. 


alloys by the well-known “ classical ’’ methods 

remains, in spite of the multitude of methods 
available, one of the more difficult and time consuming 
analyses, since the magnesium must be separated from 
most of the other constituents, as so many of them 
interfere in one way or another, because of the lack of 
reagents of high specificity for magnesium. This 
obviously requires time and skill. As may be expected, 
these difficulties are particularly apparent in the deter- 
mination of low magnesium contents (e.g. 0-05°, and 
below) in alloys with high contents of silicon, copper and 
zine and, in general, in the case of routine analysis of 
large numbers of samples. 

The ALAR Committee Chemists’ felt, therefore, it 
would be worthwhile for members to make a concerted 
effort to investigate the deficiencies of existing methods 
and to try and devise methods suitable for all magnesium 
contents especially for the low ones (i.e. for all ranges 
from say 0-03°, up to 13°, of magnesium, and if 
possible even more)—that would be easy in operation, 
rapid and accurate as well as precise. 

The investigation of existing methods comprised : 

(4) The * classical *’ methods (pyrophosphate and 
oxine). 
(B) The more rapid photometric methods (Titan 

Yellow® and Solochrome Cyanine*). 


(") The method of Westwood and _ Presser,’ 
developed for the determination of the very low 
magnesium contents of nodular cast iron, in which 
separation by ether and sodium amalgam cathode 
electrolysis is followed by phosphate precipitation in 
the presence of citrate, which complexes the remaining 
interfering elements. 


Tou determination of magnesium in aluminium 


® The actual composition of this Committee and the names of the firms repre- 
sented are as follows :—R. C. JACKSON (Eyre Smelting Co., Ltd.), W. E. MEW 


(B. kK. L. Alloys, Ltd.), E. SCHEUER (International Alloys, Ltd.), Chairman, 
F. H. SMITH (Development Officer—ALAR), W. STROSS (International Alloys, 
Ltd., Aylesbury), L. H. WapswortH (Enfield Rolling Mills (Aluminium ), 
Ltd., Bradford), and R. B. WILSON (International Alloys, Ltd., Minworth, 
Sutton Coldtield), Mr. E. A. GILBERT of T. J. Priestman, Ltd., was also a 
member of the Committee during most of the period of this experimental work, 
in W h all members took part. 

\n Association of Light Alloy Refiners, 3, Albemarle Street, London, W.1. 
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(D) The method published by the ‘ Commission 
Techniques des laboratories du Centre Technique des 
Industries de la Fonderie” (12, Avenue Raphael, 
Paris 16°) as one of their ‘‘ Méthodes d’analyses 
chimiques destinées au controle courant en fonderie,”’ 
where, after a preliminary sodium hydroxide separa- 
tion, the interfering elements are complexed by 
ammonium citrate and potassium ferricyanide, so 
that the magnesium can be precipitated as the 
phosphate without further separation. 

The experiments of the Committee can very briefly 
be summed up as follows :— 

Methods A are capable of giving good results but 
require more time and skill than seemed desirable ; 
the pyrophosphate method showed a tendency to 
high, the oxine method to low and sometimes, in 
routine operation, erratic results. 

Methods B are rapid but “ tricky ” and not equally 
suitable for all ranges of magnesium content. The 
Titan Yellow method, in particular, required many 
solutions and frequent construction of calibration 
graphs. It offers advantages only for large batches of 
samples with less than about 2°, of magnesium. 


Method C—i.e. the attempts to adapt it to alumi- 
nium alloys—gave good results but was too slow. 

Method D was quite satisfactory for contents well 
above 0-1°,, but little suecess was obtained for lower 
contents, particularly contents of 0-06°, and below. 


Work was then undertaken on a volumetric finish by 
EDTAt with Eriochrome Black T as indicator after 
various preliminary separations, and it was soon found 
that a good end point could only be obtained if group III 
elements, particularly aluminium and manganese, were 
completely eliminated. 

From the experiments of various members, two 
successful lines of approach evolved, starting in each 
3 Ethylene-diamine-tetra-acetic acid (Complexone, Sequestric acid, Versene). 

The principles of this modern analytical technique introduced by Schwarzen- 
bach (see e.g. his book “* Complexometric Titrations,”” Methuen & Co., Ltd., 
London, (Interscience Publishers Inc., New York, 1957), or the book by 
J. Welcher, “ The Analytical Uses of EDTA,” Van Nostrand o., 1958) are 
by now so well known that it seems unnecessary to elaborate on them. 
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case with an attack or separation by sodium hydroxide 
and extraction of the magnesium by dilute sulphuric 
acid from the fraction insoluble in sodium hydroxide. 
Then, in one technique, a zine oxide separation, and in 
the other a bromine precipitation of manganese and 
other group III e!ements at controlled pH is carried out, 
followed by titration of the filtrate with EDTA at 
strongly ammoniacal reaction, in the presence of excess 
cyanide to complex copper, nickel and zinc. 

The details of the bromine separation* have already 
been published in this journal by J. C. Sergeant from one 
of the Association’s laboratories', whilst the zine oxide 
techniquet has not previously been described in the 
literature. 

In the following, the emphasis will therefore be placed 
on the zine oxide technique, although both methods are 
finding about equally widespread and successful appli- 
cation in the various laboratories of the Association. 


Method using Zinc Oxide Separation 
Reagents Required 
(1) Sodium Hydroxide.—40°,, and 25°, w/v aqueous 
solution. 


(2) M,10 EDTA Solution.—37-21g. of the disodium 
salt of ethylene-diamine-tetra-acetic acid (commercially 
also called Sequestric Acid, Versene or Complexone III) 
are dissolved to | litre with good quality distilled water. 
1 ml. M10 EDTA corresponds to 2-432 mg. magnesium. 
It is useful to make up other EDTA solutions indicating 
| or 2mg. magnesium ml. These would be 15-3 and 
30-6 g litre of EDTA, respectively, 1 ml. of the latter 
being = 1°,, magnesium on a 0-2 g. sample. 

According to Schwarzenbach,®> this reagent is now 
obtainable with such a high degree of purity that it can 
be used as a primary standard, after drying at 80° C. 
(temperatures above 120° C. must be avoided), so that 
no further adjustment of the solution is necessary. 
The solutions are stable and hold their titer very well if 
kept in borosilicate or polythene vessels. Our experience 
confirms these statements. The solution can, however, 
be checked by solution 3. 


(3) Magnesium Standard Solution.—Dissolve 1 g. of 
high purity magnesium metal in a small excess of 
sulphuric acid and dilute to 1 litre. 1 ml.=1 mg. 
magnesium. An equivalent quantity of magnesium 
sulphate crystals can also be used. 

(4) Eriochrome Black (Solochrome Black) In- 
dicator.{—Dissolve 0-5 g. of the indicator and 4-5 g. of 
hydroxylamine hydrochloride in 100ml. industrial 
alcohol. 

(5) Zine Oxide Paste.—Add sufficient A.R. zine oxide 
to distilled water to form a thick suspension that will 
pour easily. 

(6) Diluted Sulphuric Acid. 

(7) Potassium 
mately 

(8) Industrial Alcohol. 


25% v/v. 


Permanganate Solution.— Approxi- 


* Most of the experimental work for this was carried out by one of the authors 
(L. H. W., from whom the suggestion to undertake this work came originally) 
in the laboratory of Entield Rolling Mills (Aluminium) Ltd. . 


+ 


On which most of the experimental work was carried out by one of the other 
authors (R. ©. J. in the laboratory of The Eyre Smelting Co., Ltd.). 


++ 


A solution of Eriochrome Blue Black, 0-1 g. dissolved in 0-2 ml. No 1 sodium 
carbonate solution and 6 ml. iso-propyl alcohol, diluted to 20 ml. with water 
preferably made up 24 hours before use, is preferred by one of the members of 
the Association. The fresher these solutions, the better is the end point. 
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soluble).—0-1°,, 


(9) Methyl Red 
solution. 


(water aqueous 


(10) Iron Solution.—Dissolve 0-25 g. iron wire jn 
10 ml. 1: L nitric acid and 10 ml. 25°, sulphuric acid, 
evaporate to fumes, dissolve in hot water and dilute ty 
500 ml. after cooling. 


(11) Ammonium Hydroxide Solution (Sp. Gr. 0-880), 
(12) Potassium Cyanide.—Solid. 


(13) Distilled Water—Good quality distilled water 
must be used throughout—traces of heavy metals and 
of calcium would interfere. 


Procedure 
I—Alloys with Silicon Contents below 4% 

Attack the sample cautiously in a 400 ml. beaker with 
sodium hydroxide solution ; the weight of sample and 
the amount of sodium hydroxide are given in the table 
below : 

40%, NaOH (ml.) 


Magnesium Content Sample Weight 


under 1°, 2g 25 
1-5% lg 25 
5-15% 0-5-0-2¢g 25-20 


Keep covered. In the case of alloys with low iron and 
manganese content (less than 0-25°,), add 5 ml. of the 
iron solution simultaneously with the sodium hydroxide.* 

Complete the reaction by gentle heating, dilute with 
hot water to approximately 100 ml., bring just to the 
boil, add a small quantity of paper floct stir well and 
allow to settle (continued as in Section 111). 


11.—Alloys with Silicon Contents above 4% 


Attack cautiously samples of the same size as those 
in section A with 100 ml. of 25°, w/v. sodium hydro- 
xide solution and allow the reaction to proceed without 
the application of heat. Again, for alloys with low iron 
and manganese contents, add 5 ml. of the iron solution 
as prescribed in Section I. When the violent action 
subsides, add 200 ml. of hot (70° C.) water, bring just to 
the boil to complete the reaction, letting the beaker 
stand on the bench for some time afterwards if necessary. 
Add a little paper floc, stir well and allow the precipitate 
to settle. This attack, following essentially the technique 
described by Ginsberg,® achieves a very good elimination 
of the silicon and the filtration is very fast. 


111.—Continuation of I and 


Filter the solution obtained by procedure I or II 
through a 12-5 em. Whatman 541 paper into a 400 ml. 
beaker and wash well (about five times) with hot water 
made slightly alkaline with sodium hydroxide. Discard 
the filtrate and washings, wash the beaker thoroughly 
with distilled water and replace it under the funnel. Open 
up the filter over the original beaker and wash the residue 
from the filter back into the beaker eventually pouring 
over the filter paper 10 ml. of 25% v,v sulphuric acid 
and wash the paper with water. Replace the paper into 
the funnel. Boil the acidified residue gently for a few 
minutes, refilter through the original paper and wash 
well with hot water. 

To the filtrate, add a little methyl red and then 25°, 


© ‘The iron addition serves «a double purpose. It facilitates the retention of the 
magnesium on the filter after the initial attack, and it also facilitates recognition 
of the end point during the neutralization prior to the zine oxide addition. 

+ Whatman Floc is very suitable, but Whatman’s Ashless Tablets were found 
unsuitable as they give the alkaline solution a strong yellow colour. 
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REPRODUCIBILITY OF THE TWO EDTA METHODS 


| — ‘o- 
| Tech- alue No. | Standard | Micient 
> ique Sample | Alloy Mag- of Average | mare of 
Teed nesium | Results | Deviation Varia- 
Content* tion 
| Br |LM7 LM7| 0-07 | 30 0-071 | 0-0069 9-7 
Sample 
p | ZnO | LM7 LM7| 0-07 25 0-083 | 0-0031 3-7 
Sample 
¢ | | LM7Z 0-07 26 0-08 | 0-0044 5-5 
| Sample | 
Br ALAR 0-05 0-059 0- 0028 4-8 
Standard J 
moO | ALAR 0-05 25 0-062 | 0-0068 | 11 
Standard J | | 
c | ZnO | ALAR 0-05 30 0-048 | 12-8 
Standard J | 
Br ALAR LM 4] 0-32 60-322 0-009 3 
| Standard A | | 
B | ZnO | ALAR LM4]| 0-32 23 O-3425 | 0-0064 1:8 
| Standard A | | 
B | ZnO | ALAR DTD 1-13 | lo 1-103 | 0-0176 1-6 
| Standard 324 
DTD 324 
A | Br ALAR DTD 1-15 | 20 1-11 | 0-029 2-61 
| Standard 324 | 
DED 324 | 
B | ZnO | ALAR = 1-61 | | O-O19 1-2 
Standard Y | 
| | Alloy 
B | ZnO | BCS 263 LM 5 4-23+ 23 4-261 0-0458 1-1 
| Br | BOS262 |LM10| 10-57+ | 42 | 10-44 0-087 0-84 
B | ZnO | BCS 262 LM 10) 10-57+ 20 10-55 0-048 0-46 
| Oxines | ALAR 0-05 30 | 0-047 | 0-011 23-5 


Standard J 


® Average of results obtained in members’ laboratories by other methods. 

+ This is the figure given in the testing certificate by the makers of (his British 
Chemical Standard, The Bureau of Analysed Samples. 

t Oxine results, submitted for cemparison. 


sodium hydroxide solution dropwise until a permanent 
precipitate is just formed, but avoiding the indicator 
becoming yellow. Should the yellow colour be reached, 
the precipitate must be completely cleared again by 
dropwise addition of dilute acid and the neutralization 
repeated. It is necessary to achieve a pH as near 
neutrality as possible without any risk of precipitating 
magnesium by making the solution strongly alkaline, 
even just locally or temporarily. This would involve 
the risk of loss of magnesium. 

The precipitation of group III metals is then com- 
pleted as follows :* 

Dilute to approximately 130 ml. and bring just to the 
boil. Remove from the source of heat and add zine 
oxide paste until excess is clearly shown by persistence 
of white sediment. This precipitates iron and aluminum 
and part of the manganese. To complete the pre- 
cipitation of manganese, add dropwise potassium 
permanganate solution (approximately N 10) until the 
solution shows a definite and permanent pink. Add a 
few drops of alcohol and boil to reduce (and decolorize) 
the excess permanganate, thus completing the pre- 
cipitation of the manganese. Allow to settle, filter 
through a 12-5 em. Whatman 540 paper into a 400 ml. 
squat form beaker. Wash well with hot water (five or 
six times). Cool to room temperature and add 2-3 g. 
of ammomium chloride, followed by 5 ml. of ammonium 
hydroxide (sp. gr. 0-880), then approximately 2 g. of 
potassium cyanide, dissolving by mixing after each 
addition. Add 10-12 drops of Eriochrome Black T 
indicator and titrate with EDTA solution of suitable 
strength, according to the magnesium content, using a 
microburette for very low magnesium quantities, until 
the colour of the solution changes from a pinkish red to 


* Ifthe neutralization with sodium hydroxide is not carried far enough and zinc 


oxide added to a solution which is more acid than necessary, unnecessary 
quantities of zine will go into solution. It is, however, important to keep the 
quantity of zine going inte solution as low as possible, as the amount of zine 
Which can be prevented by the cyanide addition from reacting eventually with 
the PTA is limited. If this neutralization preceding the zinc oxide addition 
is het carried out carefully, the titration will eventually give spurious results, 
ov at least the end point will be completely obscured, 
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pure blue (i.e. to complete disappearance of any pink 
hue).* 

Calculate the magnesium content according to the 
titer of the EDTA solution. For standardizing the 
EDTA, take an appropriate aliquot of the magnesium 
standard solution, add water to about the same volume as 
in the samples, followed by the same amounts of 
ammonium chloride, ammonium hydroxide, cyanide and 
indicator, and titrate. It is also advisable to carry out 
standardizations on synthetic samples, made up of 
superpure aluminium, aliquots of magnesium standard 
solution and 5 ml. of the iron solution (No 10), carried 
through the whole process, to check for completeness 
of recovery. If necessary, a small correction could be 
applied. 


Calcium Interference 


As calcium also complexes with EDTA, its presence 
in the analysis solution would lead to high results. In 
the case of alloys containing more than 0-03°, of 
calcium, particularly where the magnesium content is 
low, the following procedure can be employed for its 
removal prior to titration. 

From the stage in the method ** Wash well with hot 
water (five or six times) ’’ after the zinc oxide separation 
and filtration, proceed as follows :—After adding 
2-3 g. of ammonium chloride, boil the filtrate down to 
about 50 ml. Add 110ml. of hot 10°, ammonium 
oxalate followed by four drops of concentrated ammonia 
solution and allow the solution to digest first at boiling 
point for 10 minutes, and then for 50 minutes at a lower 
heat on the edge of the hotplate. Filter through a 
Whatman 44 paper, wash well with lukewarm water 
and cool the filtrate to room temperature. Titrate with 
EDTA after making the usual additions, omitting 
ammonium chloride. 


Reproducibility 

The two techniques mentioned above—the one 
(already published by Sergeant) with bromine separation 
and the one just described (zinc oxide separation) have 
found approximately equally wide application in the 
Association’s laboratories and have largely replaced 
there the various other methods used up to the intro- 
duction of the EDTA methods, particularly for the 
5-10°, magnesium range. The reason for this lies in 
their greater speed coupled with greater ease and better 
reproducibility. It was also found much easier to teach 
the EDTA methods to comparatively inexperienced 
analysts. Both techniques are thus about equally 
proven, and the choice between them is more or less a 
matter of personal taste of the analyst. 

The time taken for one or two samples is, with 
practice, under one hour. 

The reproducibility achieved in routine is illustrated 
by Table I, giving standard deviations from a con- 
siderable number of replications on several samples 
carried out in various laboratories. These deter- 
minations were partly undertaken for the purpose of 
assessing the reproducibility of the method—partly they 
are taken from routine analysis records, where for 
control purposes standards are included in many 
batches. Most series of replicates thus not only extend 


* In general, the colour of the methyl red added before neutralization, is 
completely destroyed by the zinc oxide-potassium permanganate treatment. 
If some yellow colour persists (e.g. by using an excessive amount of indicator) 
the colour change is slightly different, although not less sharp (to green, not to 


blue). 
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over considerable periods, but were carried out in 
routine by a number of different operators. 

Whilst these coefficients of variation are in most cases 
comparable to those published for magnesium deter- 
minations by the British Standards Institution* they 
were obtained by industrial routine laboratories, whilst 
the figures of the British Standards Institution are 
obtained by referee methods carried out with particular 
care by very experienced analysts, and the authors feel 
that the EDTA results show a smaller variation than 
can easily be achieved by other rapid production control 
methods for most elements. 


Minor Variations 

In the course of the wide application of the methods, 
extending now over several years, some analysts have 
tried out and introduced in their practice minor 
modifications, which apparently make no significant 
difference in the results nor in the time taken. One 
laboratory favours, e.g. for high silicon alloys, an acid 
attack on the following lines :— 

Mixed Acids: To 1400 ml. water add, with the 
necessary caution, 300 ml. of concentrated sulphuric, 
150 ml. of concentrated hydrochloric and 150 ml. of 
concentrated nitric acid. Attack with 35 ml. of this 
acid mixture per gram of sample, evaporate to sulphur 
trioxide fumes, fume for 5-10 minutes. Cool, cautiously 
add 200 ml. of hot water, boil to dissolve the soluble 
salts, filter off the silicon on a paper pulp pad and wash 
with hot water. To the filtrate add 5-10 ml. of saturated 
bromine water followed by excess of 40°, wv sodium 
hydroxide solution (enough to re-dissolve the aluminium 
hydroxide), Add a little paper pulp, bring to the boil, 
filter on a sinter glass funnel, extract the magnesium 
with dilute suphurie acid and proceed as described by 
Sergeant with the precipitation of iron, ete., by bromine 
and sodium acetate. 

One of the advantages claimed for this procedure is 
that it largely eliminates the interference by calcium, 
and this is of particular advantage as the calcium 
is most likely to be present in high silicon alloys, some 
of which have at the same time a very low, and none a 
very high. magnesium content, so that caleium inter- 
ference is likely to be greater in these. The solubility of 
valcium «sulphate under the conditions chosen is 
apparently low enough to eliminate completely the 
influence of 0-1°,, calcium in alloys with less than 
0-1°,, magnesium and, in general, to reduce to negligible 
proportions the interference by as much as 0-75°, 
calcium—both quantities of calcium which will hardly 
ever be encountered in normal alloys. 

With reference to the bromine separation method, some 
analysts prefer using hydrochloric rather than sulphuric 
acid for dissolving the magnesium hydroxide, and do a 
double bromine separation. On alloys with very high 
zine contents, it may be advisable to do a second 
caustic separation by adding excess caustic soda after 
extracting the magnesium hydroxide in sulphuric acid, 
filtering and re-dissolving in sulphuric acid. It also 
seems preferable to some analysts to achieve the final 
precipitation of aluminium etc., by careful addition of 
ammonia (dropwise) rather than by sodium acetate, 
followed by taking the solution just to the boil. This 
preference arises from difficulties experienced in achiev- 


® B.S. 172s (Part 2) 1952, Methods for the Analysis of Aluminium and Alumi- 
nium Alloys—Part 2, Magnesium, British Standards Institution, 2, Park 
Street, London, W.1. 
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ing a complete separation by using the exact quantities 
of reagents as described by Sergeant, who  writes,* 
Finally, add a further 20 ml. of bromine water, 
plus 2-3 g. of sodium acetate.” 

It is felt by some analysts that it would be better to 
say, “add bromine water until the brown colour of 
free bromine is just clearly visible, followed by 3 g. of 
sodium acetate and a pinch of pulp and boil for a further 
1 to 2 minutes.” Tne pH is then about 6-4. Filter 
through a 541 paper into which has been poured 
previously a small quantity of Whatman ashless paper 
floe suspension. This filter, in its preparation, should 
be washed with water until flowing clear and free from 
turbidity from fine floc particles, as these would tend to 
make the end point less clear. The washing water is, of 
course, to be discarded. (A Whatman 541 paper, with 
paper floe, can also be used for the other filtrations in 
lieu of a glass sinter funnel, if preferred.) 

One of the authors also feels that a glass sinter of 
porosity 4 (not 2 as given by Sergeant) should be used 
to achieve a complete climination of the manganese. 

When analysing by the bromine technique samples of 
the LM.10 (DTD 300) type, the residue from the sodium 
hydroxide attack will practically completely dissolve 
after the acid addition, as this alloy does not contain 
any constituents other than aluminium and magnesium 
and a little iron and silicon. In this case, the filtration 
of the acid solution is unnecessary and the bromine 
separation can follow directly. 

With the zine oxide technique this simplification is 
not practical, as the presence of the paper floc in the 
solutions (added prior to the filtration, after the attack 
with sodium hydroxide) would make the recognition of 
the end point of the neutralization by the formation of 
a permanent precipitate very difficult. 

Summing up, it can be said that all the users of this 
method consider that it represents a considerable 
improvement. 
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Magnetic Flaw Detection 
(Continued from page 312) 
there are available portable units, based on permanent 
magnets or on sources of heavy current, which may 
be used to inspect bulky and heavy material and com- 
ponents such as large forgings and castings, boiler plates. 
ete., either during manufacture or in service. 
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Magnetic Flaw Detection 
By A. G. Gardner, A.M. 


The magnetic particle method of detecting flaws in iron and steel components is now widely 
used in industry. In this first part of his article, the author discussed briefly the principles 
on which the technique is based. The second part deals with techniques and equipment. 


Flaw Detection Technique 


EFORE proceeding to a description of the construe- 
B tion and use of commercially available equipment. 

reference will be made to the basic operating 
techniques in magnetic crack detection. 

As a preliminary step, all parts to be inspected should 
be clean and dry. Tightly adherent scale, paint and 
plating need not be disturbed, but loose scale, paint, dirt, 
grease and carbonaceous deposits must be removed. 


Contacts—It is essential that all mechanical and 
electrical contacts be such that local overheating, arcing, 
or burning of the part is avoided. It is also desirable to 
minimise the current densities and duration of current 
“shots to such an extent as to prevent the excessive 
heating of the component. 

Circular Magnetisation.—This is achieved by passing 
acurrent through the part being inspected, or through a 
conductor which is passed through a hollow part. Either 
alternating or direct current may be used, but precau- 
tions are necessary with the use of the former in 
“impulse testing. 

Longitudinal Magnetisation—This may be achieved by 
placing the component across the poles of a permanent or 
electro-magnet, or by surrounding it by a coil. It is 
often referred to as the “ magnetic flux’ method. 


(a) 


(b) 


Fig. 3. passing a current directly through the material 

(a), or along a conductor lying within the material where 

the latter is tubular (b), a magnetic field is created in the 

form of concentric closed loops : this is the Current Flow 

Method. Defects along the axis of the material and radial 
from its centre will be detectable. 
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Direct current is normally used; special precautions 
must be taken if alternating current impulse testing is 


adopted. 


Parallel Magnetisation—In this technique, the part to 
be magnetised is placed alongside a conductor carrying 
a heavy low voltage current of the type used for circular 
magnetisation. The current may be alternating or 
direct, and either the sustained or impulse method may 
be used, provided that suitable precautions are taken. 
Some of the radial field surrounding the conductor finds 
a low reluctance path through the specimen. This 
method of magnetisation is inefficient, since the magnetic 
circuit does not consist entirely of iron. For this reason 
it is not very sensitive, and heavy currents are necessary. 
Its advantage lies in the convenience of not having the 
current traverse the part. The defect must be parallel, 
or nearly so, to the current flow for it to be detected by 
this method. 


Sustained and Impulse Magnetisation—The mag- 
netising current may be applied continuously or as a 
single * shot”. These are known as the sustained and 
impulse methods, respectively. In the former method 
the detecting powder or fluid is usually applied whilst 
the current is flowing; in some instances it is applied 
before the current is switched on. In impulse testing the 


(a) 


Fig. 4.—Magnetizing the material by incorporating it as 

part of a closed magnetic circuit, or by surrounding it with 

a magnetic coil, makes its end faces the poles of a magnet : 

this is the Magnetic Flux Method. In this case defects 

transverse to the magnetic axis of the material will be 
detectable. 
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Courtesy of Fel-Eleetric, Ltd. 
Fig. 5.—-Universal 2 crack detector. 


detecting medium is applied after subjecting the part 
to the influence of the magnetising current. It will be 
obvious that for impulse testing the part must retain 
sufficient magnetism for the carrying out of the test, and 
for this reason it is not suitable for universal application. 

Either alternating or direct current may be used for 
magnetisation, but the latter is more usual for longitu- 
dinal magnetisation by means of an electromagnet. 
Direct current is slightly more effective for sub-surface 
defects, due to the “skin effect’ with alternating 
current. 

Direct current is preferable for impulse testing, where 
the material is suitable for this technique, because of the 
greater consistency in the degree of magnetisation 
achieved. Alternating current is more convenient for 
this purpose, but it is necessary to check that the part 
is satisfactorily magnetised, as variable degrees of 
magnetisation may result from the use of the impulse 
method with alternating current. 

The amount of current used for magnetisation affects 
the sensitivity of the test. Too low a current will result 
in inefficient inspection, whilst excessive current will 
cause indications of defects to be less distinet due to a 
general retention of magnetic particles on the surface. 
The correct conditions are established by experience 
and experiment, but a figure of 500 amps. in. diameter 
may be used as a basis in the case of parts magnetised by 
passing current through them. 

Application of Detecting Medium—Where the dry 
powder is used, it may be blown gently over the surface, 
or applied all over the surface and the surplus removed 
by tapping. This method is fairly limited in its applica- 
tion, and the use of a detecting fluid is mue hmore 
common. Such fluids consist of a liquid such as paraffin 
containing finely divided magnetic particles. For 
testing machined components, black particles are 
preferred, but red or white particles have advantages 
when scaled surfaces are to be inspected. Alternatively, 
a thin layer of aluminium or white paint may be used to 
attain the necessary contrast between the flaw indication 
and the background. A combination of magnetic 
particles with a fluorescent material has also been 
developed for ease of inspection. 
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The fluid may be applied by means of spraying or 
pouring it over the component, and these techniques 
are of universal application. In the mass inspection of 
components, however, immersion in a bath of the fluid is 
preferred, and a description of machines operating on 
this principle will be given in a later section. 

Influence of Shape—The shape of the material! being 
examined will influence the direction of the flow lines 
of the magnetic field, and the contours will affect the 
flow of the inspection liquid over the piece. A reduction 
in cross-sectional area will cause a constriction of the 
magnetic field, and there will be leakage of magnetic 
flux across the corners. On the other hand, where there 
is a spreading out of the field from a small cross section to 
a large one, the field intensity in the latter will be 
reduced, and defects may not show up so well. The 
degree of magnetisation must, therefore, be adjusted 
to an optimum value, or different magnetising currents 
used for the different sections. 

When a crack detecting fluid is flowed over a test- 
piece of varying contours it will not drain uniformly. 
Fluid will be held in corners and on ledges, and indica- 
tions at these points will be heavier than on surfaces 
from which the fluid can more easily drain. When 
indications are seen at sharp corners which may be due 
to leakage fields caused by the shape of the components 
and not by a defect, the current should be reduced 
somewhat and inspection again carried out. Care should 
also be taken that stagnant inspection liquid in the 
corners does not give false indications. 

Demagnetisation—It is highly desirable to remove all 
traces of magnetism from a component before returning 
it to service or including it in any part of a machine. A 
magnetised part attracts iron dust, which may get into 
bearings or cause trouble in other directions. In the 
case of aircraft components, there is also the question of 
compasses to be considered. Demagnetisation may be 
effected by applying an alternating current and reducing 
it slowly to zero. In practice it is more usual to de- 
magnetise a component by passing it through an 
alternating current demagnetising coil and removing it 
to a distance of 5 or 6 ft. from the coil before switching 
off the current. 


Interpretation of Markings 
It is important to realise that not every mark is a 
sign of a defect : many are the result of diverted mag- 


Courtesy of Metropolitan- Vickers Electrical Co., Lid. 


Fig. 6. Universal crack detector incorporating type 
MB (left) and type Q (right) units. 
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netic flux, due to changes of section or other circumstances. 
A crack, no matter in what material it is found, has certain 
typical characteristics. It rarely lies in a straight line 
and usually takes a sinuous path. A scratch or tool 
mark, on the other hand, is usually straight and clean. 
Furthermore, a true crack has a certain amount of depth 
which allows polarity to build up, while the scratch 
lacks this feature. Magnetic flaw detection is, of course 
used to disclose defects other than cracks, such as slag 
streaks, which can be detrimental under certain condi- 
tions of service. These are usually in the form of straight 
lines, but are readily distinguishable from scratches and 
tool marks. 

Experience with the method often enables one to 
decide the nature of a defect from the appearance of the 
indications provided by the magnetic particles, since 
certain types have characteristic features. Similarly, the 
depth of a crack may be judged by the amount of build-up 
of particles across it. When the defects are beneath the 
surface, the indication on the surface is much less 
sharply defined—another characteristic feature. 

Whilst on the subject of the interpretation of markings, 
it would be as well to mention some sources of false 
indications. 

Magnetic Writing—This effect results when a_ piece 
of ferro-magnetic material touches another piece which 
has been magnetised. Local poles are set up at the areas 
of contact and when the detecting fluid is applied to the 
magnetised test piece it adheres at the place where 
touching has occurred. By using a pointed piece of hard 
steel as a stylus * invisible writing” can be put on the 
test piece and shown up by the application of detecting 
fluid—hence the term magnetic writing’. The 
appearance of this false indication is quite characteristic 
and should cause no trouble to the operator, provided he 
is aware of it. In case of doubt the part should be 
demagnetised, remagnetised, and fluid applied again, 
when the magnetic writing will not reappear, but the 
indication of a genuine crack will. 

Longitudinal Magnetisation—The lovgitudinal mag- 
netisation of a component in a coil results in poles 
forming at the ends, and the consequent leakage fields 
attract the magnetic particles in the fluid. Again, this 
appearance can readily be distinguished. 


Courtesy of Fel-Electric, Ltd. 


Fig. 7. -Type T/D crack detector, designed for detecting 
cracks in jet engine turbine discs. 


December, 1958 


Courtesy of Fel-Electric, Ltd. 
Fig. 8..-Heavy bar crack detector. 


Abrupt Changes of Section—At a sudden change of 
section there may be some flux leakage which will cause 
a flaw indication to appear. In the same way sharp 
projections also tend to show flaw indications because of 
flux leakage. The latter are usually correctly interpreted, 
but the former often give rise to doubts. If the indication 
at a change of section in, for example, a shaft is con- 
tinuous around the shaft, it may be false, but if it is 
discontinuous it is probably due to a crack. 

If there is a doubt as to whether the indication at a 
change of section is true or false, the current should be 
reduced and tests made at gradually increasing currents 
until the indication starts to build up. Usually a true 
discontinuity will cause a more sharply defined indication, 
whilst a leakage field due to changes in section will be 
less distinct. When it has been confirmed that leakage 
fields are due to changes of section, the current should be 
dropped to a point which is below that at which the 
indication begins to build up, before proceeding with the 
inspection. 

Other Sources of False Indications—Spurious indications 
of defects may result from variations in the physical 
condition of the steel of the component causing changes 
in magnetic permeability. These may be of sufficient 
magnitude for leakage fields and false indications to be 
produced. Such effects may be caused by cold working, 
hard or soft spots, boundaries of heat treated sections, 
and grain boundaries. Most of these conditions (apart 
fiom grain boundaries) can be detected by measuring the 
hardness of each side of the indication. It is interesting 
to note that if a number stamped on a piece of steel is 
just removed by grinding, it can be shown up by 
magnetising and applying detecting fluid. This, of 
course, is due to the cold working beneath the surface 
of the steel. 


Equipment for Magnetic Flaw Detection 

Machines are currently available for carrying out tests 
on a wide range of sizes in engineering components and 
materials. They may be divided broadly into two 
classes : (a) those which may be used for a variety of 
components; and (b) those specially designed for 
particular applications. The latter machines include 
equipment designed for testing such parts as jet engine 
turbine discs. internal combustion engine components, 
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Courtesy of Metropolitan-Vickers Electrical Co., Ltd. 


Fig. 9.—Type Al6 heavy bar crack detector. 


compression springs, and long articles such as_ bars, 
tubes, shafts, ete. 

Typical of the small universal machines is that 
illustrated in Fig. 5. This machine has a wide application 
for a range of small engineering details. It will accept 
work up to a maximum length of 2 ft. and is fitted with 
2 in. resilient contact pads fitted to heads which slide 
over cast iron beds. It is suitable for both longitudinal 
and circular magnetisation. Components are gripped 
between the resilient contact faces by means of a cam 
action device. By pulling a hand lever an automatic 
locking position is obtained and a slight sideways pressure 
will release the lever and allow the resilient contact to 
open and release the component. The use of the 
resilient face prevents burning of the components due to 
arcing. The amount of current passed through the 
component is controlled by an 11-position current control 
regulator, whilst a Variac control regulates the current 
in the electromagnetic circuit providing the longitudinal 
magnetisation. Located at the centre front of this 
machine is a sump into which all surplus detecting 
fluid returns. Universal machines are available in both 
larger and smaller sizes: an example of the latter in the 
Metroflux range incorporates bath immersion. 

Universal equipment of a somewhat different type 
is shown in Fig. 6. It is really a combination of a 
Metroflux type Q machine (on the right) and a type MB 
machine (on the left). The type Q is designed for 
testing for near transverse cracks ferrous components 
up to 18 in in length and 3 in. in diameter. Magnetic 
flux is provided by a high-coercivity permanent magnet. 
and can be varied by short circuiting the magnet to a 
greater or less extent. The type MB unit provides the 
current for circular magnetisation when two-way testing 
is needed. The polepieces are provided with faceplates 
covered with copper brand, and the right-hand plate is 
spring loaded to act as a clamp on the component being 
tested. 

Fig. 7 shows a crack detector specially designed for the 
testing of jet engine turbine discs. It can be made 
to accommodate any of the various makes of dises by 
altering the pole shoe profiles and adjusting the pole 
positions by means of quick-acting screws in the base. 
A specific test sequence has been worked out to give the 
complete test coverage required on a circular test, a plan 
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Courtesy of Metropolitan-Vickers Electrical Co. Ltd. 


Fig. 10..-Type FA compression spring crack detector. 


of which is included on the top of the machine. Current 
control is provided together with a suitable meter for 
direct reading. 

Two machines for the examination of bar stock as 
distinct from component parts, are shown in Figs. 8 and 9. 
The former machine will accept bars up to 6in. indiameter 
and up to a maximum of 12 ft. long. Current control is 
provided by means of a tapped choke and an 11-position 
current regulator switch. The crack detection ink is 
sprayed on to the bars by means of two travelling ink 
guns which are connected by synthetic hose to electrically 
driven diaphragm pumps. The ink is drained into a 
central sump, which is electrically agitated. Adjustable 
vice-clamps which travel the length of the machine on 
bus bars, form the basis of electrical contact with the 
bar to be tested. 

The machine shown in Fig. 9 is also designed for the 
detection of cracks whose direction is predominantly 
longitudinal, and will accommodate bars, tubes, ete., 
up to 16 ft. in length and up to 3 in. in diameter. In this 
case an immersion technique is used, the stirred bath 
of detecting fluid being raised by means of the hand- 
wheel. Movement of the bath automatically switches 
the current on and off, and adjustment of the current is 
by means of a 16-point auto-transformer tapping selector 
switch. 

Reference was made earlier to the crack detection of 
compression springs : Fig. 10 shows a machine designed 
to reveal cracks running longitudinally in helical com- 
pression springs made of magnetic material. The unit 
comprises an immersion bath, suitable for the reception 
of a small spring in the vertical position, and a heavy 
current transformer arranged to pass current through the 
spring. Current contact at the lower end is via the 
immersion bath, and at the upper end, via a plunger 
mechanically coupled to an operating handle . Depressing 
the handle stirs the fluid (by means of the perforated 
inner chamber); compresses the spring slightly and 
immerses it in the fluid ; and switches on the current : 
release of the handle switches off the current. 

The foregoing are but representative examples of the 
many types of specialised machine. Additionally 

(continued on page 308) 
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Automatic 
control 
Is not 
expensive 


Honeywell 
iH a 


Write or send the coupon today M 


HONEYWELL CONTROLS LTD. 
Ruislip Road East, Greenford, Middlesex 


Please send me 


Specification Sheet $103-1 
(Pyr-O-Vane millivoltmeter controllers) 


Specification Sheet S103-2 
(Protect-O-Vane millivoltmeter eontroilers) 


NAME 
Pos!TION 


ADDRESS 


ME 


{LLURGIA, December, 1958 


Honeywell Millivoltmeter Controllers 


extend its benefits to many simple processes 


Wherever process variables can be interpreted 

as voltages, Honeywell Millivoltmeter Controllers 

will ensure cheaper, safer, more efficient plant operation. 
They offer accuracy, sensitivity, ruggedness and 
durability ...at lowcost. 

Pyr-O-Vane Controllers offer various switching control 
forms with capacities up to 20 amps.— also fully 
adjustable pulse-proportioning control. 

Protect-O-Vane safety cut-off instruments, specially 
developed for high temperature safeguard, either 

signal or shut down process at the set point. 

Simple, safe design includes universal case to contain 
measuring and controlling units in separate compartments. 
Plug-in design simplifies inspection and adjustment 

... speeds change of units. Fail-safe action protects 
automatically against component or power failure. 
Nation-wide Service covers choice, installation and 
maintenance of all Honeywell Millivoltmeter Controllers. 


Expert advice can be obtained from any of 
10 Honeywell Branch Offices in the U.K. 
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HIGH PRESSURE STEAM ROTOR Checking clearances on the 60MW 1,500 p.s.i.g. 1,050°F High Pressure Steam Rotor for 
Meaford ‘B’ Power Station at the works of The British Thomson-Houston Co. Ltd., Rugby. 


ALLOY STEELMAKERS FORGEMASTERS STEEL FOUNDERS HEAVY ENGINEERS 
THOS. FIRTH & JOHN BROWN LIMITED SHEFFIELD , ENGLAND 
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ELECTRONIC 
TEMPERATURE 
CONTROLLERS- 


INDEPENDENT SETTING 
“HIGH” AND “LOW” AUTOMATIC 
ALARM AND CONTROL OR TWO 
MEDIUM SEQUENTIAL 
CONTROL 


Electroflo Electronic Controllers incorporate a 
shock-proof movement subject to world patents and 
offering a universal standard for reliability, stability 
and accuracy under all working conditions. The range 
includes on/off, 2-Position, 3-Position, Proportional, 
Alarm Indicatorsand Twin-index models fortwo medium 
sequential Control and/or Alarms. Integral fail-safe 
features protect the plant continuously in the increas- 
ingly complex conditions of modern processing. 
Electroflo Electronic Controllers, Pyrometers, Thermo- 
couples and Resistance Thermometers have been supplied 
and repeat orders placed by many thousands of satisfied 
users throughout the world. 


Send for a copy of Publication No. 170/S1 entitled: ‘‘Electrofio 
Temperature Measurement and Control’’. 


ELECTROFLO METERS COMPANY LIMITED 


Head Office: Abbey Road, Park Royal, London, N.W.10. 
Telephone: Elgar 7641/8. Grams & Cables: Elflometa, London. Teler: Telex No. 2-319 
Factories: Abbey Road, Standard Road and Minerva Works, Chase Estate, Park Royal, 
and Maryport, Cumberland. 


LB veeinver of Elliott-Automaticn Group 
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Smethwick Drop Forgings 
FITTED FOR GOOD! 


SMETHWICK AND KIDDERMINSTER 


SMETHWICK DROP FORGINGS LTD. 
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2mm 
light alloy spot weld, 
magnified 7 times 


It’s new... it’s faster... it’s 


( X |INDUSTRIAL X-RAY FILM 


This new addition to the range of Ilford Industrial X-Ray films will give 
greatly improved radiographs of steel welds and light-metal castings. 
For examinations at up to 200 kVp it is twice as fast as Industrial C 
and with gamma-ray techniques it is as much as three times as fast. 
Because of its higher contrast and finer grain, it gives better definition 
than is possible with Industrial B. The inherent high contrast of 
Ilford CX makes this new film extremely useful for radiography 

with 1- and 2-million volt apparatus as well as with gamma rays. 
Ilford CX Industrial X-Ray film may be used with or without 

lead screens. The recommended developer is Ilford PQX-1. 


ILFORD LIMITED ° ILFORD: ESSEX 
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...1LC.1. provides industry with anhydrous ammonia, 
a cheap source of pure nitrogen and hydrogen gases. 
And to convert the ammonia into these gases efficiently 


and economically, |.C.1. offers a full range of crackers and burners. 


Transport and handling charges are low because I.C.I. anhydrous ammonia is 


conveniently transported in large-capacity cylinders and in tank wagons. 


I.C.1. Anhydrous Ammonia 


Full information on request: 
Imperial Chemical Industries Limited, London, S.W.1. 


Bly 
METALLURGIA, December, 1958 ‘ 


— 
=e 
4 
i 
dy 


METALLURGIA, Decemler, 1958 


Issued by the Gas Council 


Production Standards... 


.. on Land, at Sea, and in the Air, 


would not be possible without 


MR.THERM BURNS To serve rou ALWAYS 


in all ways 


CAND -I1 million housewives cook by GAS ! 
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Ge Choose your 
BON: 


Refractory Cements 


as carefully 
as you choose 


your bricks 


—they both have the 


ap same job to do 


The composition of all Gibbons 


Refractory Cements has _ been 
GIBBONS evolved by careful investigation, 
} bothin the Laboratory and in Works 


JOIN TING | trials. Their preparation is under 
. 2 7 5 MIX | careful control and supervision, 

| and their quality is frequently 
a checked both in our own and 
| independent laboratories. 


REFRACTORY CEMENTS 


Refractory and Insulating Refractory Concretes - Firebrick and Insulating Firebrick Aggregates 


Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. 
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COMPLETE HEAT TREATMENT PLANT 


AS 


saves time 
saves manpower 
saves fuel / 


We 


The illustration shows the Heat 
Treatment Plant we recently installed 
at Messrs. Crowborough 

Engineering Works Ltd., Aycliffe. 


The complete unit installation at Aycliffe consists of Hardening 


Furnace, two Tempering Furnaces, Water Quench Tank, Oil tat 
Quench Tank, Loading and Unloading Racks. 

The unit is serviced by a fully-automatic, centrally-located, 

electrically-operated crane. 

The two re-circulating Tempering Furnaces utilise the 

waste heat from the Hardening Furnace. Supplementary gas 

is automatically provided when necessary. 


Further details are available on enquiry to :— 


STERLING FURNACES LTD 


13, Marton Road, MIDDLESBROUGH 
Telephone : 43328. Telegrams : Sterling, Middlesbrough 


VETALLI December, 1948 
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| — wherever it is 
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‘ GLASGOW 


2 WORKS) 


HAWICK 


@ MANCHESTER 
(2 WORKS) 


CHESTERFIELD 


BIRMINGHAM 


14 WORKS AT YOUR SERVICE 


can handle it! 


This 30 ton, 800/1600 volt Ward Leonard rolling 
mill armature required two 75 H.P. motors at our 
works to rotate to obtain the necessary commutator 
surface speed for diamond turning. 


British Electrical Repairs 


Empire House, Charlotte Street, Manchester | 
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Sein Refractories have proved their depend- 
ability in service to industry since 1/887. 
Constant research ensures continued leadership. 


View of end wall of basic open hearth furnace 
showing excellent condition of Mag C after a 
campaign of 22 weeks. Target area in silica 
normally lasts only 2/3 weeks. 


TECHNICAL DATA 


Bulk density... ......... 167 ozsfin? (2°88 gms/cc) 
Apparent Porosity. .... 20% 
Stein Mag C is burned Magnesite-Chrome brick. Cold Crushing Strength......... 8,000 Ib/in? (570 kgs/cm?) a 
Its most important physical characteristics are After Contraction 2 hrs. 17600 C ... . -0°48° 
volume stability, high refractoriness under load, Refractoriness—under-lead : 
and reduced iron oxide expansion. 28 Ibjin2 (2 kgsfcem2)...... ..« 5”, deformation at 1720°C 


APPLICATIONS 


Use our advisory service based on 70 years experience in the refractory field — it 
can improve your furnace efficiency. For further information write, phone or call-— 


JOUN G. STEIN & CO. LTD. Bonnybridge, Scotland 


TEL: BANKNOCK 255 (4 LINES) 
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one of many decorative designs 


The brilliantly successful G.E.C. 101 range of fluorescent 
fittings offers a wide choice of designs for every lighting 
requirement — in executive offices, showrooms, shops 
and stores, as well as factory areas. They are made for 
1} to 8 ft. single or twin Osram guaranteed tubes, 

and all employ the famous G.E.C. Basic Channel with 
its proven advantages of versatility and economy in 
installation and maintenance. 


The fitting illustrated, F41142/3, is stoved enamelled blue|grey and the 
glass gives a substantial measure of control of the downward light. 


Comp! 
Blast B 
bendin 


Size o 


Gas C 


range 


fluorescent lighting fittings 


THE GENERAL ELECTRIC CO. LTD.. MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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GAS BLAST COMBINED FORGE AND 
BRAZING HEARTH 


Complete with Motor Driven Positive Air Blower, two Gas 
Blast Blow Pipes and one Gas Blast Burner. Suitable for Tube 


bending up to | in. diameter. 
Size of Hearth, 20 in. 20 in. 4 in. 


Gas Consumption, 200 cu. ft. per hour maximum. 


Manufactured by 


7, HOLYROOD STREET 


r, 199 ME’ LLU RGIA. December. 1958 


BERMONDSEY LONDON, S.E.! 


NATURAL DRAUGHT GAS FIRED SALT 
BATH SUITABLE FOR CYANIDE OR 
NEUTRAL SALTS 


Suitable for temperatures up to 900° C. 


Obtainable in the following sizes : 
8 in. dia. x 8 in. deep, gas consumption 300 cu. ft. hr. 
8 in. dia. x 10 in. deep, gas consumption 350 cu. ft. ‘hr. 
10 in. dia. x 12 in. deep, gas consumption 400 cu. ft. ‘hr. 


Time to heat up —!3 hours. 
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At the André Citroen works in Paris, motor gear-box parts are case 

hardened by the carbonitriding process in a G.E.C. furnace of novel design. 

The furnace is arranged for continuous production and has a horizontal 
carbonitriding chamber with vertical elevator shafts at both ends for introducing 
and removing the parts. A hydraulic pusher progresses the charges through 

the chamber. The hardened gears leave the quench tank ready for immediate 
use. The furnace has already been in use for 3 years, operating continuously 

24 hours a day with only an annual shutdown, 


for efficient process heating use’ 


ANDRE CITROEN use a & GC |) 
CARBONITRIDING FURNACE 


for hardening car gear-box parts 


The new G.E.C. Process 

Heating Data Book—a handy 
reference to equipment and 
technical data—is now available. Only 
5/- post-free from the 

Process Heating Dept. Send for 
your copy now. 


FURNACES - HIGH FREQUENCY INFRA-RED| | 


THE GENERAL ELECTRIC COMPANY LIMITED + MAGNET HOUSE - 


KINGSWAY + LONDON + WC?) 
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AUTOMATIC 
SAMPLE 
PREPARATION 


NOTE: The handle in the illustration 
is for applying pressure. The samples 
are automatically rotated. 


AUTOMET Polishing Attachment 


The Automet Polishing Attachment for the Buehler Slow Speed Polisher enables 
higk quality metallographic specimens to be produced rapidly with relatively 


little skill. 


* Up to 6 samples are accurately positioned and held. 
(SHANDON) * Samples can be of different materials. 
EQUIPMENT FOR THE * 6 specimens can be ground and polished in the time normally 
METALLOGRAPHER taken for one. 
Abrasive Cut-off machines 
* Any tendency to “ facet ” is completely eliminated. 
Mounting Presses 
Belt Surfacers * Completely controlled pressure mechanism minimises cold 
Hand Grinding Equipment working or deformation of the structure. 
Grinding and Polishing Machines 
Automet Attachment * Suitable for use with diamond polishing compound alumina or 
Polishing Benches silicon carbide paper discs. 
Hyprez Diamond Compound 
Grinding and Polishing Materials Demonstrations given » our showrooms on sogrest. Alternatively, 
send us one or two specimens for sample preparation. 
Electropolishers 
SHAND ON SCIENTIFIC COMPANY LTD., 6, CROMWELL PLACE, LONDON, S.W.7, Tel. KNI 1131 
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Wild-Barfield A.H.F. equipment is used by Wolf Electric Tools, 
Ltd., (manufacturers of the well-known Wolfcub drills etc.), for the 
hardening and tempering of small gears, shafts and _pinions. 
Many other industrial concerns have found that Wild-Barfield 
A.H.F. induction heating speeds production, saves space and offers 
savings all along the line. Our engineers will be glad to supply 
further details and explain how Wild-Barfield A.H.F. equipment 


can help you. 


WILD-BARFIELD 
A.H.F. 
equipment at 


WOLF ELECTRIC 
TOOLS LTD 


E ARLE LD a) Induction heating speeds production 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone: Watford 26091 (8 lines 
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*ROQOCKING aRecs 


The intense heat of an electric arc is put to excellent purpose in the versatile 
Rocking Arc Furnace which is so popular in modern foundries. To carry the arc and 
withstand the exceedingly high temperature demands an exceptional 
combination of strength, conductivity and refractory properties—in fact only an 


ACHESON graphite electrode is good enough. There is a size for every furnace. 


The term ACHESON is a registered trade mark 


BRITISH ACHESON ELECTRODES LIMITED . WINCOBANK . SHEFFIELD , PHONE : ROTHERHAM 4836 
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SALES AND SERVICE 
AGENTS IN :— 


ARGENTINA 
AUSTRALIA 
SOUTH AFRICA 
BELGIUM 
CANADA 
CEYLON 
FINLAND 
FRANCE 
GERMANY 
GREECE 
HOLLAND 
HONG KONG 
ISRAEL 
ITALY 


JAPAN 


NORWAY 
PORTUGAL 
SWEDEN 
UNITED STATES 


Sklenar and Reverbale furnaces are ideal plants in any 


foundry—they cut fuel costs by half and 
eliminate crucibles. The Sklenar is a 4 : cultivate economy 

reverberatory, self-contained unit, 
melting lead, aluminium, bronze, brass 


or grey iron quicker and cheaper. Gas, 


* coke or oil fired, capacities CASTING 
are from 50 lbs. to 10 tons. LADLE 
200 lb. of die castings BOTTOA 
per hour can be produced 

MOULD 
from a Reverbale 
TUNDIS 
Junior Furnace using f 
INGOT 
only a gallon of fuel oil. 
We will gladly send you Teal 
our book “ Efficiency | 
in Melting”. A Reverbale Junior furnace 
A Sklenar furnace — photo by courtesy 
of Western Foundries, Southall, Mddr. 
K N A R FURNACES LTD. 
TH 


385 NEWPORT ROAD CARDIFF Telephone CARDIFF 45645 (private exchange) Telegrams SKLENAR CARDIFF 45645 
P.984 
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CASTING PIT Proud liner, busy merchantman, a fussy tug, all owe their 
REFRACTORIES 
LADLE REFRACTORIES being to steel and the ability to withstand the might of 
BOTTOM CASTING the sea. Steel making is a complete and exacting job, 
REFRACTORIES 
MOULD HEAD BRICKS calling for the best of men and materials and we are 
TUNDISH BRICKS justly proud that Marshall Refractories are chosen by so 
many Jeading steel manufacturers. 


—thore i a job for 


R E F R ACT R S 


THOMAS MARSHALL & CO. (RORGLEVY) tTO. « LOACEVY « 
5 Tm/34 
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Why are P.H. Silica Bricks 


in such demand ? 


Remarkable consistency 
in size and shape and absolute 
uniformity in texture and performance 
are the inherent features of Pickford 
Holland silica bricks. These exacting 
standards are maintained by the 
policy of installing the very latest 
plant and machinery, so that every 
process from quarry to finished 
brick, is regulated to the closest 
limits. 

Modern, fully instrumentated 
kilns (as illustrated) ensure 

even firing—an essential 

factor in the production of 
successful silica bricks. Up-to- Sees 
date production methods in all = 


departments are enabling Pickford f° 

Holland to keep pace with increasing demand | a A modern kiln at the 

for their refractories. More and more bricks for Crook, Co. Durham Works 
furnaces all over the world are being produced, and of Pickford, Holland 


each and every brick conforms to the same high 
standards of manufacture. 


PICKFORD HOLLAND Silica Bricks 


CONSISTENT IN SIZE, SHAPE, TEXTURE AND PERFORMANCE 


PICKFORD, HOLLAND & CO. LTD., 381, FULWOOD ROAD, SHEFFIELD 10 TEL. : 33921 


0.A.3298 
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(Photograph by kind permission of The Austin Motor Co. Ltd.) 


FURNACES 


A wide range of standard or tailor-made mechanised forge furnaces is available, Pusher Type 
Rotary Hearth Type—Conveyorised Bar End Heating, with GGC scale-free heating system or 


fired by gas or oil. 
The photograph above illustrates a small Thermic Magazine Feed Pusher furnace fired by CC Burners. 


Output : 7-cwts. of small billets per hour. 


Thermic Equipment & Engineering Co. Ltd. 


(Subsidiary Company of Gibbons Bros. Limited, Dudley) 


SALMON STREET, PRESTON * TELEPHONE: PRESTON 56254/5. TELEGRAMS: THERMIC-PRESTON 
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DONCASTERS 
DD 


HARDENED STEEL ROLLS 


Every Doncaster Roll is a masterpiece of 
skill and experience in forging and hardening 
the finest grades of steel which can be made, 
with unremitting tests at every stage of 
processing. Finally come the grinding, 
polishing and inspection, and the resulting 
finished product is the epitome of ‘know- 
how’ in hardened steel roll manufacture. 


Over go/ of razor blade strip 


is rolled on 


Doncasters work rolls 


Of the razor blade strip made in this 


country, by far the greater part is cold 


rolled using Doncaster rolls. They are 


employed by the leading manufacturers in 


the rolling of every kind of cold rolled 


material, ferrous and non-feirous, 


including soft and hard steel, stainless 


steel, aluminium foil, precious metals, 


titanium etc. 


DANIEL DONCASTER & SONS LIMITED : 
FORGINGS - DROP FORGINGS - HARDENED STEEL ROLLS » HEAT TREATMENT 


SHEFFIELD 


R.26 
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Wild- Barfield *P.7.G. Gas Carburising installation at Albion Motors Ltd. 


WILD 
Gas Carburising at 


d 


MOTORS LIMITED 


* Many of the components used 
in the manufacture of Albion 
motor vehicles are treated 

—" in Wild-Barfield Gas 
Carburising equipment. 


Precise control of depth and type of case is afforded 
by both Wild-Barfield gas carburising processes—the 
“P.T.G.”” and “Carbodrip” drip feed. By these 
methods carburising proceeds at almost the maximum 
theoretical rate. We will be glad to send you full 
details on request. 


ELectaic 


(Na) FOR ALL HEAT-TREATMENT PURPOSES 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS, OTTERSPOOL WAY, WATFOFD BY-PASS, WATFORD, HERTS. Telephone: Watford 26091(8 lines) 
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Compactness of furnace layout is 


matched by the amazing density of loading 


in these INCANDESCENT gas 


carburizing furnaces. 


Such performance 


is made possible by two special 


INCANDESCENT features 


Circulating fan 


Jetube heating 


Photographs by courtesy of The Ford Motor Co, Ltd. 


INCANDESCENT 


THE 


which ensures consistent 


uniformity of case depth. 
with its special recirculation 
system which transmits heat 
to the load with maximum 


speed and efficiency. 


INCANDESCENT HEAT CO. LTD. 


SMETHWICK 


AAA, 


AMA 


Wat 


ENGLAND 


10/4 58 
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MAKE INSTALLATION EASIER, QUICKER AND CHEAPER 


Front and side walls of a Queen Mary boiler in Tri- Mor High Temperature Mould- 
able, with MR 60 anchors. Burner quarls in Tri-Mor High Temperature Castable. 


TRI-MOR GRADES TRI-MOR High Temperature Mouldable 
A plastic refractory for use up to 1,650°C: low shrinkage 
TRI-MOR Standard Castable and a high resistance to spalling. Supplied mixed to the 


A medium texture refractory having negligible shrinkage correct consistency for installation. 


up to 1,350 C. Suitable for casting special shapes or for 
monolithic structures. Limiting service temperature Dense “Guncrete 


ae 1,350 C. A hydraulic setting refractory with a maximum service 

Bele , temperature of 1,300 C. It has a high resistance to 
_ TRI-MOR High Strength Castable abrasion. Designed for application by cement gun, but 
f hs) A similar refractory to Tri-Mor Standard Castable, but can be trowelled. 

ra specially developed to have very high mechanical TRI-MOR Insulating Castable 


strength over the lower temperature range. Maximum 


service temperature 1,250°C. An insulating castable for maximum service temperatures 


of 1,200°C; low thermal conductivity is its main feature. 


TRI-MOR High Temperature Castable ; 
TRI-MOR Insulating “‘Guncrete”’ 


Suitable for face temperatures up to 1,600 C; has an j 
extremely high resistance to thermal shock; used for cast Similar to Tri-Mor Insulating Castable but for applica- 


in situ monolithic structures and for pre-cast refractory | Won by cement gun. 
shapes; can be applied with a cement gun. Full details of each grade are available on request. 


For further information please write to: MORGAN REFRACTORIES LTD. NESTON, WIRRAL, CHESHIRE. TEL: NESTON 1406 
NE 138 
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The 


to obtain 


THIN STRONG 


JOINTS 


Technical advice and 
assistance on the selection 
and application of refrac- 
tories are available on 
request. 


A ready-to-use jointing mortar supplied in a smooth plastic 
condition, which may be applied with a trowel in the 
normal way, or used for “dip and rub” joints. 

Durax No. 14 is an aluminous refractory cement which 
contains a high proportion of pre-calcined material to 
control shrinkage. It produces thin, solid joints which set 
hard without the application of heat. These joints are as 
impermeable to the action of the furnaces gases as the bricks 
themselves, resulting in reduced cool air infiltration and 
improved thermal efficiency. 

Designed for use between 1000°C and 1650°C. For lower 
temperatures Durax No. 4 is recommended. 


GENERAL REFRACTORIES LTD 


GENEFAX HOUSE ~* SHEFFIELD 10 * Telephone: SHEFFIELD 31115 
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EVERY PICTURE TELLS A NICKEL STORY 


Extraordinary how the iron filings jump to it at the 
dictate of invisible forces. In industry too, things move 
swiftly in their planned ways when you bring nickel into 
play. Magnetic materials are only part of the nickel 
story. Mond can give you chapter and verse. 

Mond have the resources for research and development 
and supply technical publications for guidance in the 


choice and use of modern materials. 


Enough Nickel for all needs— 
Plan ahead with IWK@& 


/ 


XK 


®. THE MOND NICKEL COMPANY LIMITED, THAMES HOUSE, MILLBANK, LONDON, S.W.I 
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Scientific Means 


The Metropolitan-Vickers Range of Scientific 
Equipments includes apparatus for the investigation of 
metallurgical, chemical and biological problems in 
research, production or processing. These equipments 
cover a wide selection of specialised scientific apparatus. 


to Scientific Ends 


241 
242 
242 
241 
241 
240 
239 
239 
240 
241 
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METROPOLITAN -VICKERS 


ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER, 17 


An A.E.1. Company 


MASS SPECTROMETER TYPE MS5 An instrument specially 
designed for the measurement of isotope ratios of inor- 
ganic solids by the surface ionisation technique. 


ANALYSIS OF PLUTONIUM 


m 
e 239 | 240 | 241 | 242 
% 
ABUNDANCE 27-20 | 23-10 | 49-60) 0-072) 
STANDARD 
DEVIATION | 0:25 | 0:30} — | 0-007 


Tabulated results and traces from sample of 
approximately 10-8 grams of plutonium nitrate, 
using the triple filament technique and the multi- 
plier detector. The standard deviation quoted 1s 
taken on 10 measurements. 


Let us look into your problem. Experts of 
our Advisory Service can almost certainly 
help you with problems of scientific invest- 
igation in any of the fields mentioned below. 
ELECTRON MICROSCOPY 

MASS SPECTROMETRY 


CRYSTALLOGRAPHY 
RADIOGRAPHY 
MICRO-ANALYSIS 


MATERIALS IRRADIATION 
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HIGH VACUUM ENGINEERING 


N/R805 
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The superb performance and reliability of Jaguar Cars 
are outward evidence of the care which goes into 
the manufacture of every component, each of which 
must conform to the highest standards of inspection. 
Heat-treatment plays an important part at many 
stages of the various manufacturing processes. 


The latest addition to the heat-treatment shop 
at Jaguar Cars Limited is a G.W.B. electrically 
heated Roller Hearth Furnace specially designed 
to carry Out normalising, cyclic annealing and 
stress relieving a variety of components. 


SPECIAL FURNACE DESIGN 


The unusual multi-purpose requirements have resul- T= — 
ted in an installation in virtually two sections. (1) 
High temperature (950 C) furnace, followed by (2) 


forced draft cooling section, and finally, (3) a 650 C 

heating chamber. 

APPLICATIONS 

Normalising: Welded components slow cooled 
from 900 C. 

Cyclic annealing: Gear forgings heated to 950 C, 
cooled to 550 C and re-heated 
to 650 C. 

Stress Relieving: | Partly machined forgings such 
as crank shafts and gear blanks 
stress relieved between 550 and 
650 C,and cooled to 200 C inthe 
final 8’ 6” long cooling chamber. 


Over 25 years experience in electric furnace design at your disposal. 


G.W.B. FURNACES LTD. 


R805 P.O. BOX 4, DIBDALE WORKS, DUDLEY, WORCS. Telephone: Dudley 4284/5/6/7 and 5081/2) 3/4/5 


Proprietors: Gibbons Bros. Ltd. and Wild-Barfield Electric Furnaces Ltd a 7 
Gwe 208 
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9 
It’s 


perfectly 


simple... 


George Devanney, assistant moulder and Norman Bell, moulder, 
beating the mixing into a mould with wooden mallets. 


when you know how ! 


And in the course of the past 
80 years a great deal of “know how’ _ ~ 
about refractories of all kinds -~ 


has been accumulated at Consett. 


@ You may care to write for a copy of the Company's 
new booklet describing all its refractory products. 


CONSETT IRON COMPANY, LIMITED 
CONSETT - COUNTY DURHAM - ENGLAND 


Telephone: Consett 341 (12 lines) Telegrams: STEEL PHONE, Consett 
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at AUSTIN'S 


The Austin Motor Company Limited 
have installed Efco-Tocco camshaft 
hardening equipment for A.35 and A.55 
engines. A general view of the two 
installations is shown on the right and 


above may be seen the operation 


of hardening the cam faces. 


Each installation comprises a 100 kW 
high frequency alternator with 
stations for hardening the cams, journals, 


driving gear and eccentric. 


ELECTRIC FURNACE COMPANY LIMITED 


NETHERBY - QUEENS ROAD WEYBRIDGE SURREY Weybridge 3891 
Associated with Efco Ltd., Electro-Chemical Engineering Co. Ltd, Electric Resistance Furnace Co. Ltd. 


MRP 
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HEAT 
THE 
FORGE 


Electric furnaces are designed 
and built by METALECTRIC 

for ali forging heat treatments. 
The photographs illustrate 

a continuous furnace, part of a 
plant for general heat 

treatment in a large press forge, 
and a bogie furnace capable of 
handling marine forgings up to 
150 tons. 


| 


For all forms of electric heat treatment 
and melting equipment consult 


METALECTRIC FURNACES LTD. 


SMETHWICK » ENGLAND 


10/158, 58 


Mi 
METALLURGIA, December, 1958 


ae 
3 i 4 
* 
} 
| ° 
é 
a 
‘ 


Dependability 


and Quality in 
Dunelt Special 
purpose Alloy 
and Carbon 
Steels 


Black rolled,’ bright drawn 

or smooth ground, in heat-treated 
or unheated conditions. Free 
cutting steels, heat-resisting 

steels, die steels, shear blade 
steels, high-speed tool steels, 
stainless steels, valve steels, 


hollow steel bars. 


DUNFORD & ELLIOTT (SHEFFIELD) LTD 
ATTERCLIFFE WHARF WORKS, SHEFFIELD 9 


Telephone: Telegrams: 
41121 (5 lines) Blooms, Sheffield, 9 
London Office: Birmingham Office: 
Linford Street, 25 Burlington Chambers, 


S.W.8 118 New Street, 2 
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ALL TYPES 


LAWRENCE ROAD, TOTTENHAM, LONDON, N.I5. 


CO. LTD. 


OVERS 
Contine 
Leon Bai 
Anserem 
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filtration 


This plant was installed to the order of Richard 


Thomas and Baldwins Limited at Ebbw Vale. 
Designed to deal with more than 1,000 tons of dust 
per week, it is used to recover all the dust from the 
blast furnace gas-cleaning plant and to clarify the 
effluent water for recirculation. The iron content of 


the dust has been found to average about 35°. 


Lodge-Cottrell 


LODGE-COTTRELL LTD GEORGE STREET PARADE BIRMINGHAM 3 ~ Vl Cena! 7714 (5 lines) 


Australasia : 


OVERSEAS AGENTS : F. S. Wright, 465 Collins Street, Melbourne, Australia 


Continental. Europe : Fetes Office 76, Magor House, 
Leon Bailly, Ingenieur Consiel, Avenue des Sorbiers 4 Fox Street, Johannesburg. 
Anseremme-Dinant, Belgium. R/LC/18/P4320 
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Spectrographic analysis— 


one of many tests for quality. 


Quality control is a particular 
hobby-horse of ours. It has to 
be. As manufacturers of alloys 
for electrical resistance and for 
other purposes, we have to en- 
sure that they have the neces- 
sary properties for the particu- 
lar applications in which they 
are used. 

We operate a system of pre- 
cise technical controlsoverpro- 
cesses and products. To give 


a few examples, we test for re- 
sistance, grain size, thermal 
E.M.F. and temperature co- 
efficient. We control compo- 
sition, both by “wet” and spec- 
trographic analysis. We have 
a bank of test heads operating 
round the clock to keep a check 
on the “life” properties of our 
heater alloys. 

Where quality is concerned, 
we aim beyond protecting our 
own reputation: we are deter- 
mined to make our materials a 
credit to vour products. 


BRITISH DRIVER-HARRIS CO LTD 


CHEADLE HEATH, CHESHIRE 


Laboratory testing 


Side by side with research 
and development work, a wide variety 
of scientific tests for quality 

are carried out in our laboratories. 


Spectrographic examination 


The spectrograph plays a most 
important part in the compositional 
control of our alloys. In conjunction 
with “‘wet” analysis, it helps to 
ensure that correct alloy composition 
—on which the necessary electrical, 
physical and other properties 
largely depend—is maintained 

with unerring accuracy. 


The different constituents 
of an alloy appear 

on a spectrogram as 
black lines, varying in 
intensity with the 
amounts present. 


1908-1958 
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ACHIEVEMENT ELECTRICAL ALLOYS 


GOLDEN JUBILEE 1958 
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RMc REFRACTORY MOULDINGS AND 
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CRUCIBLES Five grades; temper- 
atures up to 2000°C. (3632 F.) 
For high and low frequency 
induction melting. Good resis- 
tance to thermal shock and 
erosion: less inclusions. 


MUFFLES Made to special require- 
ments for nickel chrome and 
Kanthal windings. Four grades 
cover wide temperature range. 
All have excellent resistance to 
thermal shock. 


REFRACTORIES FOR ELEMENTS 
Whether large or small, intricate 
or straightforward, the R.M.C. 
process ensures close tolerances 
to individual requirements. 


SPECIAL REFRACTORIES Research 
laboratories and the like often 
need specially made refractories 
such as those illustrated. Pro- 
duction refractories in shapes 
generally considered more diffi- 
cult is a speciality of R.M.C. 


ELEMENT SUPPORT REFRACTORIES 
Many are the shapes and sizes 
provided, the illustration show- 
ing but a few of the different 
shapes that have been produced 
to special orders. 


CASTINGS LIMITED 
Kegwerth, Mr. Derby. Telephone : Kegworth 429. Telegrams : AREMCEE, KEGWORTH. 
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JACKMAN FOR SPECIAL SHOT BLAST APPLICATIONS 


GRIT BLAST PLANT FOR PRODUCING MATT FINISH 
| ON COLD REDUCTION PLANT ROLLS | 


The photograph is of a SHOT BLAST & DUST EXTRACTION PLANT taken by kind permission of the STEEL COMPANY OF WALES at their 
TROSTRE WORKS, LLANELLY, one of the most modern in the world for the production of tin plate. After the rolis have been ground. the shot 
blasting operation effects a slightly roughened and uniform surface on the rolls in the No. | STAND of the 2-STAND TANDEM TEMPER MILLS. 


CONDITION OF ABRASIVE IS 
MAINTAINED CONSTANT BY 


DISCHARGE IS OBTAINED FROM 
EITHER OF TWO GRIT-BLAST UNITS 


EACH FILLED WITH ITS OWN GRADE 
OF ABRASIVE SO THAT DIFFERENT 
FINISHES MAY BE OBTAINED. 

CHANGE OVER TIME FROM ONE 


PNEUMATIC SEGREGATION OF 
USED MATERIAL AND TRICKLE 
FEED OF NEW ABRASIVE. THIS 
ENSURES UNIFORMITY OF FINISHES 


METALLURGIA, December, 1958 


| UNIT TO ANOTHER IS NEGLIGIBLE. AT ALL TIMES. 

| PLANTS WITH THREE UNITS FOR THREE GRADES OF ABRASIVE CAN BE SUPPLIED RS 
For further details write to 

e 

J. W. JACKMAN & Company Limited 

| VULCAN WORKS BLACKFRIARS ROAD MANCHESTER | 

| Telephone: DEAnsgate 4648-9 Telegrams: Blast, Manchester | 7° 
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BRITISH ALUMINIUM 


FOR 
CHURCH 


SPIRES 


This striking new landmark is the spire of St. Andrew’s Church, Roxbourne, South 
Harrow, Middlesex, which is weathered in BA. Roofing Quality Super Purity (99.99°,,) 
aluminium. This metal is the ideal material for the purpose, by virtue of its long life in 
any climate, light weight, mechanical properties and freedom from maintenance. Further- 
more, it costs less than other metals of comparable life. The preformed gutters and cross 


were fabricated from heavy gauge BA.60 aluminium alloy. All the metal was supplied by 


British Aluminium. 


of Farey & Adams 


Comractors for metal roofing, Builders & Zincwork Ltd. 


The BRITISH ALUMINIUM Co Ltd : 


NORFOLK HOUSE ST JAMES’S SQUARE LONDON 
AP213 
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“To stand on Church Hill, Wednes- 
bury at night and gaze around at the 
busy scene of myriad fires belching 
forth like so many volcanoes, was a 
sight not to be easily forgotten”. 


These words by a Statlordshire 
Historian describe Iron-smelt- 
ing in the Black Country a 
hundred years ago, 


Now, Church Hill commands a different view. There are 
too few furnaces today to turn the night sky glowing red, 
though combined output many times exceeds the awe- 
inspiring labours of a century ago. 

The Black Country, where the early lron-Masters 
wrought their successive legacies to Progress and darkened 
the sky, is turning green again. The scars of the old Iron- 
works have healed, a new power strides across the country- 
side from the distant generators and the smoke pall over 
the towns grows less and less. 

Progress in Staffordshire, bringing almost every major im- 
provement in the technique of iron-founding since 1700, is 
apparent inthe landscape of the County as well as its products. 

For almost a century and a half Pig Iron has been manu- 
factured at Darlaston Iron Works. Today, the most modern 
methods of metallurgical control of raw materials and the finished 
product, enables them to supply Pig Tron of consistent uniformity 
to the most exacting specification. 


FOR QUALITY-CONTROLLED 


Bradley &Foster 


DARLASTON 


REFINED PIG IRON 


STAFFORDSHIRE 


A member of the Staveley Coal & Tron Co., Ltd., Group. Ll 
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GAS FIRED 
SHAKER HEARTH 
FURNACE 


Improve production of small 
| parts in quality as well as quantity 
i with this modern and compactly 
designed continuous furnace. Its 
simple and straightforward 
operation using automatic hopper 
feed, if required, is the obvious 
answer to large scale production 
heat treatment as well as process 
heating. 


General view of 
Brayshaw Shaker 
Hearth Furnace 


Four standard sizes with nominal outputs 
of 56,112,224 and 448 Ibs. per hour 
(dependent on size and nature of parts) 
cover most requirement. 
Leaflet G3/58 giving full details is now 
available on request. Have you received 
your copy yet? 


Close-up view of work tray 
with typical load of bolts 


FURNACES LIMITED 


BELLE VUE WORKS MANCHESTER 
Telephone : EASt 1046 (3 lines). Tel2grams : HARDENING, Manchester 
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THE LATEST IN % heet Furnaces 
fired by AUTOMATIC COAL STOKERS 


2 


Above is a twin furnace with 
hearths 8' 0" wide by 9’ 0" long, 
each fitted with a single door. 


To the left is a twin furnace 
with hearths 6' 0" wide by 8' 0° 
long, each fitted with double 
doors. 


Photographs by courtesy of 
Messrs. Darwins Ltd. 


S 


MUR 


G.P. WINCOTT LIMITED E Fl ENGLAND 
Telegrams: WINCOTT, SHEFFIELD. Telephone: 202I/? 
SBW .17 
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ELECTRONIC 
COMPARATOR 


: readings accurate to -00001 


A multi-purpose instrument, which 
can be used as very high precision 


laboratory equipment, and yet is 


capable of providing these same 


exacting conditions in production. 


It provides for very fast routine 
inspection and lends itself to multiple 
and continuous gauging, automatic 


sorting, remote control and inspec- 


tion, and machine control. 


For very fast routine or repetition 


inspection by non-technicians, a colour 


light signalling system is incorporated ae 


to supplant the scale readings. 


The standard equipment for routine inspection 


Magnification: 400 and 4000 approxi- in./deg. F. (+: 00002 mm./deg. C.). mum load 47CO ohms. Vo‘tage: -! 2°5 
mately. Ranges: +*005-0--005 in. Each Operating pressure: Varies from 1-2 oz. volts (approximately full-scale on any es 
division :0Q01.in. -0005-0--0005 in. Each (28-56 gm.). Zero drift of amplifier: After range. Output resistance 4700 ohms, . 
division -00001 in. +12-0--12 mm. Each 2 minutes’ warm-up, “00002 in. (0005 Mains supply: 100-115, 200-250 volts, 


division -005 mm. -012-0--012 mm. mm.). After 10 minutes’ warm-up, single-phase, 40-60 c's. Power con- 
Each division -0005 mm. Accuracy : -00001 in. (°00025 mm.). Zero stability sumption: 20 watts. Probe dimensions and 
‘0001 in. (-0025 mm.) on coarse ranges. with mains change: Undetectable for weight: Diameter: *875-. -0005 in. (22-22 
00001 in. (-00025 mm.) on fine ranges. voltage changes of + 15°, and frequency +*O1 mm.). Overall length: 3°5 in. 
Consistenc v of reading: ‘000001 in. changes 40-60 c/s. Reading stabiliiy with (9 cm.). Weight with cable and plug: 

000025 mm.) with standard probe. mains change: No change for frequency 4 oz. (112 gm.). Amplifier dimensicns and 

000002. in. (00005 mm.) with 40-60 c/s. + 1°, of reading for + 15°, weight: Size: in. (20.2020 
extended probe. Temperature coefficient voltage change. Electrical outputs: Current: cm.) approximately. Weight: 8} Ib. 
of probe: Zero shift lies within - -0000005 +0°5 mA. full-scale on any range. Maxi- (4 Kg.). 


SOUTHERN INSTRUMENTS 


AN ADVERTISEMENT OF THE OSCILLOGRAPH GROUP OF SOUTHERN INSTRUMENTS LIMITED CAMBERLEY SURREY. TELEPHONE: CAMBERLEY 3401 


Fssetsi/o 
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Heat Treatment of 


LIGHT y 


Greater efficiency, more precise control, higher output with considerably less 
maintenance and running costs—these are the features that place these 


STORDY Electric Furnaces ahead for light alloy treatment. 


Unit construction of heater 


battery allows ready derating adjustment for precipitation treatment and annealing—with same 
precise temperature control. In addition, the heater battery is remote from the furnace 
chamber and therefore easily accessible for inspection without dismantling. The large 


capacity centrifugal fan gives greater air circulation. 


The furnace illustrated is for the heat treatment of extruded sections—work dimensions 


5 ft. diameter by 8 ft. deep. 


G 


CUMBRIA HOUSE - 


SM/SE 2807 


16 


G 
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WOLVERHAMPTON 
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6.5kW 

The greatest advance since 
SPARCATRON established 


spark erosion machining 
on a commercial basis 


Up to four spark-heads can 
be operated from one control 
cabinet. The current 1s 
automatically cut off when 
the electrode has penetrated 
the workpiece to a predeter- 
mined depth allowing one 
Operator to supervise a 
number of heads. 


APABLE of operating three to eight times as fast 


as the Mark II model, depending on the type 


SPARCATRON 


Pioneered and established in the 


of material and finish required, the latest 
SPARCATRON spark erosion machine, Mark III, has 


toolmaking industry for spark- 
exceptional accuracy and increased capacity. The new 


machining and _ reconditioning 
design also features ease of access for loading the table press tools and dies and wire 
and setting the servo-head and the facility for drawing and extrusion dies in 


quick and accurate alignment of the electrode. cemented carbides and hardened 
SPARCATRON affords the best means of “cutting” 


intricate shapes, profiles, forms, or impressions in 


steels. There are extensive 


applications for “‘cutting’’, recon- 


ditioning or altering flat and 
both hard and soft current-conducting materials. tangential form tools and similar 


components. 


Manufactured by Impregnated Diamond Products Ltd. 
SOLE SELLING AGENTS GT. BRITAIN & N. IRELAND 


BURTON GRIFFITHS & CO. LTD., KITTS GREEN, BIRMINGHAM Fi THe 


Telephone: STECHFORD 3071 
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~ OIL ete. 


MECHANICAL HANDLING EQUIPMENT 
AND MILD STEEL FABRICATIONS OF EVERY DESCRIPTION. 


LUCAS FURNACES LIMITED 


MOUNT WORKS, WHARTON ST., NECHELLS 
BIRMINGHAM. 7 
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ON 


MEEHANITE 
CASTINGS 


Newton Chambers are pleased to announce 


that they are now licensed by the 
International Meehanite Metal Company Limited 
to produce in their large foundries at 
Thorncliffe all types and sizes of iron castings 
in the various grades of Meehanite metal. 


Your enquiries will receive tmmediate attention. 


NEWTON CHAMBERS 
Engineers of Progress 


Newton 
Chambers 


Engineering Division, Thorncliffe, Sheffield 


20165 
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THE FURNACE CONSTRUCTION CO. LTD. 


EXOTHERMIC OR 
ENDOTHERMIC 


THE ILLUSTRATION SHOWS A 


STANDARD 250/500 currin 
EXOTHERMIC PLANT 


We are also makers of all types of Electric and Fuel 


fired Furnaces, Charging Machines and Conveyors. 


Your enquiries are welcomed. 


For further information write to: 


48 SMITH STREET, HOCKLEY, BIRMINGHAM 19 


CYANIDING POTS 
CASE HARDENING BOXES 
CAST IRON, BRASS, GUN METAL 


PHOSPHOR BRONZE, ALUMINIUM, etc 


Telephone: NORTHERN 6564 


STAINLESS STEEL 
HEAT RESISTING 


Highly Alloyed Steel 
CASTINGS 


‘JOFO’ CASTINGS ARE 

AVAILABLE IN A WIDE 

RANGE OF QUALITIES 

From a few ounces up to 
10 cwts each 


M.O.S. approved inspection facilit- 
ies installed. Routine X-ray control. 


Head cffice & Works : BROADFIELD RD. 
SHEFFIELD, 8. Telephone: Sheffield 52431 
Foundry Aizlewood Road, Sheffield 

Machine Shops : Broadfield Road, Sheffield 


London Office § Central House, Upper Woburn 
Place, W.C.1. (Euston 4986) 


Glasgow Office - 93 Hope St., C.2. (Central 8342/3) 


M fehason Ld 


ABRASIVE RESISTING 


HEAT AND 
ABRASIVE RESISTING 


7 


ALSO HIGH SPEED TOOL, Dit 
AND SPECIAL ALLOY STEELS, 
ALSO STAINLESS STEEL ROAD 
LINES STUDS AND SIGNS 


01 


PROTECTIVE ATMOSPHERE PLANTS 
? 
| 
‘ : 
H. JOHNSON FOSTER LTD. STEELMAKERS & FOUNDERS 
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for over half a century, British Thomson- 
Houston have since the earliest days been fore- 
most in the development of ‘ finger-tip ’ 
control of heavy electric plant through the 
medium of electro-magnetic contactors. 


BRITISH THOMSON-HOUSTON 


| THE BRITISH THOMSON-HOUSTON COMPANY LIMITED : RUGBY - ENGLAND 


an A.E.|, Company 
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Leading manufacturers of electric equipment +44 


A 5267 


ger-tip c 
ontrol... 
| 
1Z he, 
Y 
bi 
4 Wh, 
: 
Le 
— 


wisdom teeth... 


Gas carburising in a Birlec furnace 
gives the young gear-wheel a good 
start in life. Hardened to resist daily 
wear and tear, toughened to withstand 
shocks, he is assured of a long and 


honourable career. 


BIRLEC GAS CARBURISING 
FURNACES are available in batch 
and continuous types with reliable 
atmosphere control equipment and 


cooling or quenching facilities. 


BIRLEC LIMITED 


An A.E.1. Company 


ERDINGTON :; BIRMINGHAM 
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set by 
CLYDESDALE STAMPING CO. LTD. 


To heat-treat drop forging die 
plocks, inserts and punches by a 
method which will avoid cracking, 
decarburisation and scaling during 
weatment, minimise distortion, 
reduce labour cost by working on 


amealed blocks, and give increase 
in die life. 


the answer 


given by the ‘Cassel’ Heat Treatment Service 


Dies weighing 2} to 13 cwts. are preheated in the gas purged chamber of the 30” x 36” 
‘Cassel’ salt bath furnace, transferred to ‘Cassel’ W.S. 720 and Regenerator A in the salt bath, 
then quenched in T.S. 150 in a ‘Cassel’ 66” x 30” x 42” T.1 furnace, and finally air-cooled 
and washed. This treatment ensures freedom from scaling, decarburisation and noticeable 
distortion. Die life is increased by 75-100°,,. Isothermal annealing of worn die blocks is also 
carried out in this plant. 


= 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.1 


CC.192 
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ARE YOU 


mass producing 


Better see us about the castings. You'll want a continuous 
supply of exact, flawless castings and we have the technical 


teamwork to give it to you. See us soon, let our design 
engineers in on the ground floor. That way—without 
departing from your essential specification—you can be sure 
A that the final casting is completely free from 
; hidden structural fault. And when production 
begins, leave it to our metallurgists and 
foundry engineers to ensure that the 
soundness and accuracy of every 
casting is faithfully maintained. 


CASTINGS FROM A FEW « 
OUNCES TO TEN TONS x 


in phosphor-bronze, gun-metal, aluminium- 
bronze, manganese-bronze, and light alloys. 
Precision machined bushes and bearings. 
Specialists in high-tensile aluminium-bronze 
castings, centrifugal-cast wheel blanks, shell 
moulded castings, and chill-cast rods and tubes. 
Continuous cast phosphor-bronze bars up to 
12 feet lengths. 


NON-FERROUS CASTINGS 
HIGH DUTY IRON CASTINGS - PRECISION MACHINED BUSHES & BEARINGS 


T. M. BIRKETT, BILLINGTON & NEWTON LTD 


HANLEY AND LONGPORT, STOKE-ON-TRENT, ENGLAND 
‘Head Office: HANLEY, Phone: Stoke-on-Trent 22184/5/6/7. LONGPORT, Phone: Newcastle, Staffs 51433/4. 
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Electrical Aids in Industry 


Induction Heating-1 


O 


O 


Electro-magnetic induction was discovered by 
Faraday and used by him to evolve the electric 
motor. In some cases, induction can be a nuisance 
by causing heat losses to arise from induced eddy 
currents in nearby pieces of metal, but in industry 
today those heat losses are being turned to good 
account as a method of metal heating. 

Induction heating produces heat only in the work 
piece. This is a fascinating and spectacular process 
which has the additional merit of being extremely 
effective. An important feature of induction heating 
is that it gives rapid temperature rise with no time 
lag, starting being instantaneous. Perhaps its great- 
est advantages are that it can be used in automatic 
processes and does not demand skilled labour. 

Induction heating can deal efficiently with all the 
applications outlined below, and including metal 
melting, preheating and stress relieving, surface 
hardening, heating of large components, preheating 
of steel tubes for manipulating, heating for shrink- 
ing, for forging and extrusion, as well as for the 
heating of vessels. There are various methods of 
applying it, the method to be used being dictated 
by the application. 

Technical details relating to the choice and use of 
individual types of induction heating will be set out 
in a subsequent data sheet. 


Metal melting 
The oldest and largest application of induction 
heating lies in the melting of metals. The outstand- 
ing advantages are: freedom from deleterious gases 
and products of combustion 
and other contaminants, rapid = 
speed of melting, low running 2 
costs, improved working con- o 
ditions and reduced metal loss. © 


Metallurgical processes 

This covers a large variety of processes which may 
be basically divided into surface heating and 
through heating. Most processes fall into the 
former category and are used for the purpose of 


skin hardening. ‘i hey include the treatment of such 
components as: pins, camshafts, crankshafts, 
rollers, cylinder liners, gear teeth, rocker arms and 
shafts and valve stems. 
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Data Sheet No. 2 


Through Heating 
When the current in an induction coil is main- 
tained for a longer period it results in the heat en- 


gendered in the work piece 
penetrating to a greater 
depth and eventually 
throughout the piece. It is 
largely used for the heating of slugs and billets, 


for upsetting and upset forging, flanging and nosing, 
shearing and forging and bolt blanks for heading. 


Annealing 

Induction heating is the ideal method of altering 
the character of metals for a special purpose. An- 
nealing and its related process of tempering, 
normalising and stress relieving are prominent in 


this category. In the case of annealing, one feature 
of the treatment is that it can be localised, while 
induction tempering can do in one minute what 
would require half-an-hour or more with conven- 
tional furnace heating. 


Brazing, soldering and welding 

Brazing and soldering by induction are the quickest 
and cleanest methods of joining metals togcther, 
and it is often beneficial to re-design the parts so 
that the fullest advantage can be taken of induction 
heating. Brazing can be used in 


the case of: carbide inserts for 4 
tools, tips for rock drills, parts a 

for universal joints, etc., while 

the many applications of solder- 7 


ing are well-known. It was not 

until well into the present 

century that the age-old craft 

of welding became a positive aid to greater produc- 
tivity. Induction welding produces a good, clean 
weld because oxidation is almost absent. 


Miscellaneous Application 
Induction heating can be profitably used for a large 
variety of purposes, including the fusion and hot 
pressing of powders, heating im vacuo, gas deter- 
mination in metals, fusion of glass, chemical work 
and many other processes. 


For further information, get in touch with your 
Electricity Board or write direct to the Electrical 
Development Association. 

Excellent reference beoks are available on elec- 
tricity and preductivity (8/6 each or 9/- post 
free)— “Induction and Dielectric Heating”’ is an 
example. 

E.D.A. also have available on free loan a scries 
of films on the industrial use of electricity. Ask 
for a catalogue. 

Issued ty the Electrical Development Asseciation, 
2 Savoy Hill, Lendon, W.C.2. 
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Carburising— 
A great basic advance— 


Positive Instrument control of carbon 


AS YOU DO TEMPERATURE 


A CONTINUOUS instrument record of the percent carbon’in’a furnace carburising gas is now available to you as 
easily as a temperature record. It shows the percent of active carbon in the atmosphere of the L. & N. Homocarb 
furnace, and therefore the surface carbon content of the parts being treated. And further, the actual percent 
carbon is entirely under your control—the carbon you get is the carbon you set on your Microcarb control 


instrument. 


This carbon control unit is of major importance in that it results in a tremendous increase in the versatility of 
our world-renowned Homocarb electric gas carburising furnace. In carburising, for instance, excess carbide can 
be prevented, and carbon restoration and homogeneous carburising, previously difficult or impossible to 


control on production work, are now thoroughly practicable. 


Our Technical Staff are at your disposal to suit your convenience. 


The attractive Microcarb control booklet will be sent to you with pleasure on request 


INTEGRA, LEEDS & NORTHRUP LTD. 
183, BROAD STREET, BIRMINGHAM, 15 
Telephone : MIDLAND 1453/4 ‘Grams.: FLOMETER, BIRMINGHAM 


British made in Birmingham 
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Now 
available 
from stock 


WILD-BARFIELD 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone : Watford 2609! (8 lines) 


This horizontal rectangular muffle is ideal for such 
purposes as incineration, burning off precipitates, 
and the heat-treatment of small samples of metal. 
The proportions have been fixed after careful 
examination of such laboratory needs. Temperature 
control by a hand-operated energy regulator type 
controller. Maximum recommended temperature 
—1,000°C (1832°F). Wild-Barfield’s great ex- 
perience ensures perfect performance and a long 
trouble-free life. Full details on request. 


MUFFLES 


ELECTRIC FURNACES LIMITED 


67 


METALLURGICAL INSTRUMENTS 


One or other of these four 


instruments will find an 
application in your Works 
or your Laboratory. For fur- 
ther information on these and 
other products in the N. & T. 


range, write to: 


by N ash & ‘Thompson 


1. B.N.F. Coating Thickness Meter 
2. Metallurgical Mounting Press 
3. B.N.F. Metal Sorter 

4. Electrolytic Polisher 


POUSHTR 


Nash and Thompson LIMITED Oakcroft Road, Chessington, Surrey. Elmbridge 5252 


WHG/NT70 
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MILD STEEL “Ano. 
CAST STEEL AGAINST OXIDA. 


‘pots and. beast 


dase harden 


HEAT RESISTING ALLOY 

STEEL CASTINGS 
for oil-cracking tube supports, 
hangers, baffles and beams. 
Superheater supports and slings. 


No. 1301/1 CALORIZING No. 1638 CALMET 


LYNTON HOUSE, 7/12 TAVISTOCK SQUARE, LONDON, W.C.|. Telephone: EUSton 432I 


ying” 
e {a 
ow cy? 
Orkot along life... 
Rolling Mill ; 
g Saving. 
BEARINGS 
‘slow, 
er r 
Win 
bearings used in COsts 


- + » @ unique type of fabric bearing 
with an unusually low friction coefficient 
and high resistance to wear 


Orkot Rolling Mill Bearings are made by United Coke and Chemicals Company Limited 


a subsidiary of The United Stecl Companies Limited at their Orgreave Works outside Sheffield 


Enquiries to : 
UNITED COKE & CHEMICALS COMPANY LIMITED ,, 


(SALES DEPARTMENT 273) P.O. Box No. 136 Handsworth, Sheffield 13 ae 
Zelephone: Woodhouse (Sheffield) 3211 Telegrams: *Unichem’ Sheffield LLL 
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and BRAZING 
FURNACES LTD 


Head Office & Works: 124A-130 EDINBURGH AVENUE, TRADING ESTATE, SLOUGH, BUCKS. Tel: Slough 24011, 21143 


SINTERING 
FURNACE ILLUSTRATED 

SHOWS A 36 KVA, 4” WIDE 
3 ZONE HUMP BACKED CONVEYOR 
FURNACE WITH TRANSFORMER CON. 
TROLLED HEATING ELEMENT VARIABLE SPEED 
CONVEYOR, CONTROLLED ATMOSPHERE THROUGH. 
OUT WORKING CHAMBER, FULLY AUTOMATIC CONTROL 
EQUIPMENT, LOW HYDROGEN CONSUMPTION, TEMP UP TO 1 ,000°C 


London Office : 273 TERMINAL HOUSE, GROSVENOR GARDENS, LONDON, S.W.| Tel. Sloane 2192 


facture. 


selecting what is most suited to their needs. 


in accordance with customer’s own designs. 


REPAIR AND EXCHANGE SERVICE 


afforded them by our Exchange Service. 


(NOU STRIES, £72.) 52 HIGH HOLBORN LONDON W.C.1 
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The quality of all BAKER products is derived 
from the high purity and uniformity of the metals 
and alloys employed, the painstaking skill of 
experienced craftsmen, and the close supervision 
and inspection given at every stage of manu- 


Our comprehensive standard range of Platinum 
apparatus has been compiled to assist users in 


cases where a catalogued specification fails tc 
meet requirements, we will gladly manufacture 


We will always undertake to repair damaged 
Platinum vessels or other apparatus when 
possible. Where repair is not possible, users are 
invited to avail themselves of the generous terms 


Fully illustrated leaflet, including the new Polygon shaped 
Crucibles, forwarded on application. Technical represen- 
tatives are always available for consultation and advice. 


BAKER PLATINUM DIVISION Telephone: CHAncery 8711 
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With the Steel-Shaw Mk. | High-Speed Laboratory and Pilot 
Plant Mill you can grind laboratory formulations and 
submit them the same day. No cleaning between runs, just 
change the pots with freshly charged ones. With this new 
mill you can work 10 to 70 times faster for the whole working 
day. Dry grinding to micron sizes and below is reduced 
from hours to minutes. 


TYPICAL MILLING TIMES 
%& Alu-Cobalt-Nickel.. .. .. 15 mins. 


PRODUCTIVE CAPACITY 


% Tungsten Carbide... .. .. 6 hrs. Up to 30 Ibs. per batch (4 
% Tungsten Titanium <<: Lee 5 hrs. different formulations can be 
Magnesium .. .. 10 mins. processed concurrently). 

Magnetic Iron Oxide 4 hrs. 


HIGH-SPEED LABORATORY 
MILL (MARK 1). 


Larger mills available for greater capacities 


STEELE & COWLISHAW LIMITED 


COOPER STREET, HANLEY, avons 4, Tel. : Stoke-on-Trent 23333 
(5 lines). Telex: 36-530. London Office and Overseas Sales : Baker Perkins (Exports) 
Ltd., Westwood House ,Swallow Street, Picadilly, London, W.1. Tel. : REGent 8301. 
A MEMBER OF THE BAKER PERKINS GROUP 


sc J10892 


PATENT CELLULAR CONDUCTORS 
for extra high tension busbars of 
outdoor sub-stations 


37 strands of 
tubular copper. 

1” over-all 
diameter 


19 strands of 
tubular copper. 

0.72” over-all 
diameter 


A speciality developed by the Company some years ago is 
the so-called “Cellular’’ conductor (Brit. Pat. No. 
297,594), which has found its chief application in extra 
high tension busbars of outdoor sub-stations. The aim 
was to construct conductors of over-all diameter 
sufficient to avoid corona effects, and both light in 
weight and mechanically strong. Constructions 
preferred in the light of experience utilize solid over 
hollow copper, all hollow copper, and solid copper 
over hollow (5 per cent tin) bronze wires, but both 
solid and hollow cadmium-copper and also 
solid bronze wires can be incorporated 
without difficulty to meet particular needs. 


19 strands of tubular 
copper with 18 strands 
solid copper 
1” over-all 
diameter 


THOMAS BOLTON & SONS LTD The illustration shows The British Thomson- 


Houston Co. Ltd. 132-kV, 3,500 MVA switchgear 


Head Office: Mersey Copper Works, Widnes, Lancashire at Castle Donington Power Station of the C.E.A. 
Telephone: Widnes 2022 (Eset Midtends) incorporating the 37-strand 
London Office and Export Sales Department: 168 Regent Street, 
Telephone: REGent 6427 of The British Thomson-Houston Co. Ltd. 
cvs-528 
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ROLLER 
HEARTH 
FURNACE 


The illustrations show 
a Roller Hearth Furnace 


having internal dimensions 
of 4 0” wide x 90’ 0° long, 
installed in the Tube Mill 

of Babcock and Wilcox Ltd., 
at Dumbarton. 


DOWSON & MASON LTD 


ALMA WORKS £ULEVENSHULME MANCHESTER 
Telephone: HEATON MOOR 625! (5 lines) Telegrams: Gasify, Manchester 19 


YOURS the Asking 


LEARN HOW TO: 
SPECIFY, 

TEST, 

USE, 


SHERARDIZING 


ZINC ALLOY 
RUST-PROOFING CO. LTD 


SHAKESPEARE ST. WOLVERHAMPTON 
TELEPHONE: WOLVERHAMPTON 20647 9 
ALSO AT LONDON AND ROCHDALE 


s-528 
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SILICON e@ MANGANESE e ALUMINIUM 
NICKEL @ BORON e TITANIUM ! 


CHROMIUM 


pioneers in Metallurgical development. 


"Phone : 


Their Technical Advisory service is unique, 
and your enquiries on your particular problems 
are invited. Get in touch today with :— 


BLACKWELLS METALLURGICAL WORKS LTD. 


FOR ALLOYS 


e RUTILE e COPPER 


Since 1869 Blackwells have been recognised 


Thermetal House, Garston, 
Garston 980 


Liverpool 19 


"Grams : ‘Blackwell,"’ Liverpool 


HEAT 


TREATMENT 


k 
x 


Capacity for case-hardening is now 
available in the most modern 
heat-treatment plant in London 


Gas or pack carburising with full 
metallurgical control over all operatiors 


Gleason quenching press equipment 
for pieces up to 36 in. dia., plus wide 
experience in the control of distortions 


Flame-hardening of gears up to 
10 {t. dia. with latest electronically 
controlled equipment 


ENGINEERING COMPANY LIMITED 
HYTHE ROAD, WILLESDEN, N.W.10 
Tel.: LADbroke 3622-3-4-5-6 


Of 


AP79 


THOMAS 
ANDREWS 


and COMPANY LIMITED 


HIGH-GRADE STEEL MAKERS 


HIGH SPEED 


MONARCH { HOT & COLD DIE 


TOOL HOLDER BITS 
“HELVE”’ 


{ CARBON TOOL STEEL for 
( CHISELS, PUNCHES, &c. 


ROYOS WORKS AND 
HARDENITE STEEL WORKS 
ATTERCLIFFE ROAD, SHEFFIELS 


Export Department 
THE HARDENITE STEEL COMPANY LIMITED 


Telephone 
SHEFFIELD 22131 


Telegrams 
SHAFTING, SHEFFIELD, 4 


PHOTOMICROGRAPHIC 
CAMERA for 35 mm. film 


Write for full details of our extensive 
range of Photomicrographic Apparatus 


R. & J. BECK LTD. 
69/71 MORTIMER STREET, LONDON, W. | 
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, ALLOYS for METALS and POWDERS 
STEELMAKING TOOL TIPS 


Ferro Tungsten 80 85°, 


35 DRAWING DIES, Etc. 


Ferro Molybdenum 70/75°% 


Calcium Molybdate 40/50°%, Tungsten Metal Powder 

Molybdenum Briquettes 55 /65% Tungsten Carbide 

TS Ferro Titanium 20/25%, and 40°% Tungstic Oxide 
Tungsten Metal Powder 98 99%, Titanium Carbide 

ES Manganese Metal Ammonium Para Tungstate 
Chromium Metal and other metallic carbides 


Our specification booklet, giving full details of all our products and our quarterly ALLOY Metals Review, will be gladly sent on request to 
us at :— DiTTON ROAD, WIDNES, LANCASHIRE 


HIGH SPEED STEEL ALLOYS LTD 


_| Ditton Road, Widnes, Lancashire 
Te‘egrams : ALLOY, W!DNES Telephone: Widnes 2661 


rat fuel economy is of major importance in keeping 
down production costs. By installing 

Franklin oil burning furnaces with Automatic 
burner control our saving in fucl in the 

first few months enabled us to add to our foundry 
equipment and ensure a steady increase in 
production. Write to Franklin Furnace Company 
to-day for their brochure on oil fired 

furnaces and details of their conversion and 
installation services 


for all furnaces 


Manufacturers cf 
INDUSTRIAL FURNACES AND OIL BURNING EQUIPMENT 
FOR ALL PURPOSES 


FRANKLIN FURNACE CO. LTD. BAKER STREET, 
SPARKHILL. BIRMINGHAM, Phone ViCtoria 2579 
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FOR ALL TYPES OF 


HEAT TREATMENT 


CONSULT 
ABBEY HEAT TREATMENTS LTD. 


(A.1.D., Min. of Supply and other Gove. Depts.) 


please mention 


Metallurgia 


when replving to 
PLAZA WORKS, MERTON HIGH STREET plying t 
LONDON, S.W.19 


Phone: CHErrywood 2291/2 


advertisements 


We collect and deliver in the London area 


Chemical Analyses 


of Ferrous and Non-Ferrous 
Metals and alloys, ores, 
slags, minerals, ete. 

4.R.B. approved 


CASTINGS 


GENERAL ENGINEERING 


Prompt service 
Reasonable charges 


THE YORKSHIRE 
TESTING WORKS Ltd. 


Established 1910 
RETORT WORKS, SCOTLAND SHEFELELD. 3 


Phones: 21582 and 29916. 
Grams: Retort, Shefheld, 3. 


arrow! 


OIL FIRED 
FURNACE 

ANNEALING 
CAST IRON 


By Courtesy of 
Aga Heat Ltd. 


SISMEY & LINFORTH/ 


BIRMINGHAM 14. 


TELEGRAMS. SISMEY, BIRMINGHAM 


241 ALCESTER ROAD SOUTH 


TELEPHONE HIGHBURY 1369 
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Spectrochemica! analysis—No. 9 


Atomic absorption 
spectroscopy 


Atomic absorption spectroscopy avoids the interelemental 
interference effects of emission spectroscopy. It has many 
valuable applications in metallurgy, such as determining 
magnesium, copper, zinc, manganese, nickel, and lead in the 
presence of interfering elements. Very low concentrations 
of these elements can be determined rapidly and accurately. 
The Hilger atomic absorption attachment uses a hollow- 
cathode lamp emitting the light of the element to be deter- 
mined ; the light passes through a flame into which the sample 
is sprayed. The absorption due to atomic resonance is then 
measured with a spectrophotometer whose monochromator 


is set to receive light at the resonance frequency. 


Please write for full details 


HILGER « WATTS iro 


98 ST PANCRAS WAY, LONDON, NW 
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DIE METAL 


THE 
HEMISPHERICAL® 
SHAPES THAT FORM 
THE BODY OF THE 

HOOVER 
CONSTELLATION 
CLEANER 
ARE DEEP DRAWN 
BY NARITE DIES 


PHOTOGRAPH BY COURTESY OF MESSRS HOOVER LTD 


N. C. ASHTON LTD. 
ST. ANDREW'S ROAD 


HUDDERSFIELD 


TELEPHONE: HUDDERSFIELD 6263 4 


CW 4982 
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CLASSIFIED ADVERTIS 


EMENTS 


Classified Advertisements are inserted ai the 
rate of 2/6 per line 


SITUATIONS VACANT 


LOUGHBOROUGH COLLEGE OF 
TECHNOLOGY 
Applications are invited for two posts 
in the Department of Industrial 
Engineering : 
(a) Reader in Bnginecring Production 
Technology 
Salary seale £1,550 \ £50 
annum. 


£1,800) per 


(b) Lecturer Industrial Metallurgy 
Salary scale £1,200 £380) £1,350 per 
annum. 

(a) Applicants for the position of Reader 

should possess high academic quali 
fications and have had wide industrial 
experience, preferably including re- 
earch experience in the field of 
primary forming processes, metal 
cutting, machine tools or metrology. 
He will he required to initiate, con- 
duct and supervise research proje sts, 
and to co-ordinate staff activities in 
his general field. He will undertake 
some lecture work. 

(b) Applicants for the position of Lecturer 
should possess good academic quali- 
fications in Industrial Metallurgy and 
have had industrial and teaching 
experience in the primary forming 
processes, including plastic and mol- 
ten processes, refractories and 
welding. He will undertake teaching 
in Diploma of Technology courses. 


Both posts are pensionable, and com- 
mencing salaries will be determined by 
previous experience and qualifications. 
Application forms and further particulars 
may be obtained from the Registrar. (In 
reply please quote 28 AG). 


A.E.R.E. HARWELL 
CERAMICS RESEARCH 


An Honours Graduate (Ist or good 
2nd) is required to undertake research, 
on CERAMIC FUELS FOR RE- 
ACTORS, including the determination 
of physical and chemical properties 
over a wide range of temperatures, 
phase equilibria and investigation of 
fabrication techniques. 

Salary : £645-£1120 (Scientific 
Officer) or £1215-£1425 (Senior Scienti- 
fic Officer). For the higher grade 
relevant experience is required. 

Please send a POST CARD to the 
Group Recruitment Officor (1248 (126), 
U.K.A.E.A., Atomic Energy Research 
Establishment, Harwell, Berks... for 
details. 


‘THE MULLARD RADIO VALVE CO. 

LTD., require for their Materials 
Research Laboratory a Research Metel- 
lurgist for work on refractory metals and 
component materials used in electronic 
devices. Applicants should have a good 
degree in metallurgy and preferably some 
post graduate experience in this field. 
A good knowledge of chemistry is desir- 
able. This vacancy is in a modern 
laboratory about 12 miles south of Lon- 
don. Salary will be commensurate with 
age, ability and experience. The post is 
pensionable and permanent. Applications, 
in writing, should be addressed to: Mr. 
J. C. Ross, Plant Personnel Ofticer, The 
Mullard Radio Valve Co. Ltd., New Road, 
Mitcham Junction, Surrey, quoting 
reference MR. Is] 


“a 


SITUATIONS VACANT continued 


COMMONWEALTH OF AUSTRALIA 
AUSTRALIAN DEFENCE SCTENTIFIC SERVICE 


HIGH TEMPERATURE MATERIALS 


The Weapons Research Establishment 
of the Department of Supply. near 
Adelaide, South Australia, invites appli- 
cations for position of 

SCIENTIFIC OFFICER, GRADE 3. 

SALARY: €1.731/1,951, 
Currency. 

DUTIES: Research into high tem- 
perature materials with special reference 
to rocket) motors and high velocity 
rocket missiles, 

QUALIFICATIONS : Honours degree 
in metallurgy, chemical engineering or 
chemistry, or other academic qualifications 
and research achievements considered the 
equivalent ; Research experience in high 
temperature meterials would be an 
advantage. 

Althovgh the position is classified as 
temporary the tenure of employment is 
Lot limited and after a period of three (3) 
veers the successful candidate would be 
eligible to apply to contribute to the 
superannuation fund, 


Australian 


Under specitie condition first class sea or 
air fares (if first class berth available) for 
successful applicant and dependants (wife 
and dependent children) will be paid by 
the Commonwealth. 

As an alternative to temporary em- 
ployment conditions the successful candi- 
date may choose to enter into an agree- 
ment for a three (3) te five (5) vears 
contract of employment in Australia. 

In this case the Commonwealth will 
bear the cost of return fares for himself 
and dependants together with the cost of 
removing each way the  appointee’s 
furniture and effects up to a maximum 
of £500 (Australian) ; £250 (A) each way. 

Note: Assistance will be given in the 
matter of housing. 

Application forms obtainable from 
Senior Representative (AV /9 1), Depart- 
ment of Supply, Australia House, Strand, 
London, W.C.2. with whom applications 
should be lodged by 8th December, 1958. 


CENTRAL ELECTRICITY 
GENERATING BOARD 
METALLURGIST required at the RE- 
~~ SEARCH LABORATORIES, 
LEATHERHEAD, SURREY, to work 
on steels, with particular reference to 
superheater materials. The duties will 
include research in the laboratories and 
in the field to assess the factors affecting 
the behaviour of steels in service. Candi- 
dates should have an Honours degree or 
equivalent qualification in metallurgy, 
and experience in metallography of steels 

used at high temperatures is desirable. 

The salary for the appointment will be 
on a scale within the range £550-£1,265 
p-a.. according to duties responsi- 
bilities. 

Write for application form to I. G. 
Ellis, Personnel Officer, 24-30, Holborn, 
London, E.C.1. Please mark envelope 
Contidential” Ref. M ‘334. 


SITUATIONS VACANT — continued 
CENTRAL ELECTRICITY 
GENERATING BOAR] 

PHYSICAL CHEMISTS and META. 
LURGISTS required at the RESEARCH 
LABORATORIES, LEATHERHEAD. 
SURREY, to work on the eorrosion of 
ferrous and non-ferrous metals used both 
in nuclear and conventional power stations 
and in transmission systems. Candidates 
must have an Honours degree or equiva. 
lent, and experience in corrosion or related 
fields would be an advantage. The 
salaries for the appointments will be on a 
seale within the range £550-£1,265 pa 
according to duties and responsibilities 
Application forms obtainable from I, G 
Ellis, Personnel Officer, 24-30, Holborn, 
London, E.C.1. Envelopes should be 
marked ** Confidential’ Ref. M (326, 


DUTY ALLOYS LTD., Re. 
search Division, Slough, Bucks 
A vacancy exists for a Chemist or Metal. 
lurgist in the Corrosion Surface 
Finishing Laboratory. Applicants 
should preferably possess a degree or 
equivalent qualification, with some 
experience in one or more of the fields of 
surface finishing such as, electro-plating, 
polishing, brightening and anodising. 
The salary paid will be commensurate 
with qualifications and experience and 
there is a Contributory Pension Scheme 
in operation. Write giving full details, 
which will be treated in confidence, to 
The Staff Manager, address as above. 


ROYAL TECHNICAL COLLEGE 
SALFORD 

Applications are invited for a 
LECTURER or SENIOR LECTURER 
in METALLURGY, in the Department 
of MECHANICAL ENGINEERING. The 
Department is responsible for work in 
metallurgy in the College and the person 
appointed will be expected to take an 
active part in its development. New 
Metallurgical laboratories are now avail 
able and additional facilities ave being 
planned. Research work is encouraged 

The salary offered is in accordance with 
the Burnham Technical Report 1956 
Senior Lecturer :— £1,350-—£1,550 (men) 
£1,08) — £1,240 + 4/7ths the differential 
(women). Leeturer:-£1,200—£1,350 (men) ; 
£960 — £1,080 — 4/7ths the differential 
(women). The starting point each 
grade will depend upon the experience 
and qualifications of the candidate. 

Forms of application, together with 
further particulars, may be obtained from 
the Registrar, Royal Technical College, 
Salford 5; to whom they should be 
returned as soon as possible. 


R. RIBBLESDALE THORNTON, 
Clerk to the Governors. 


PARSONS = AND MARINE 

ENGINEERING TURBINE RE- 
SEARCH AND DEVELOPMENT 
ASSOCIATION require a Graduate Metal- 
lurgist for work in connection with the 
design and testing of steam and gas 
turbines. 

This post offers plenty of scope for 
initiative and carries an attractive salary 
which is reviewed annually. 

Experience in the use of metals et 
elevated temperatures and the investiza- 
tion of service problems is desirable. 

Apply in writing to Director, Pame- 
trada esearch Station, Wallsend. 
Northumberland. 


METALLURGIA, December, 1858 
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SITUATIONS VACANT continued 


SIEMENS EDISON SWAN 

RESEARCH LABORATORY 

PHYSICAL METALLURGIST 
required to apply metallurgical prin- 
ciples to the study of solid state 
devices, including transistors. A good 
theoretical background is essential and 
preferably a working knowledge of 
phase equilibrium diagrams. The suc- 
cessful candidate will be offered a 
competitive salary and ideal working 
conditions in a new, well equipped 
research laboratory. Rented housing 
is available if required. Please write 
for further information to : 


Personnel Officer, 
Siemens Edison Swan Research 
Laboratory, 

West Road, Temple Fields, 
Harlow, Essex. 


THE COPPER DEVELOPMENT 
ASSOCLATION requires the services 
of a metallurgist to deal with technicel 


enquiries. The appointment offers oppor- 


tunities for a keen man to make himself 


thoroughly conversant with the metal- 
lurgical aspects of the copper industry. 
A Degree and some practical experience 
in the casting and fabrication of copper 


and copper alloys, with a knowledge of 


their applications, are desirable. Com- 
mencing salary according to qualifications 
and experience, but not less than £900 
per annum. generous non-contri- 
butory pension scheme is in operation. 
Applications (marked confidential) should 
be sent to the Seeretary, at 55, South 
Audley Street, London, W.1. 


“This calls for very high quality foundry work” 
“It calls for WILLAN quality steel castings” 


Is the problem a limited run of high quality 


steel castings ? 


job. They manufacture to the highest standards 
in all alloy, stainless and heat-resisting stcels 
and use extensively non-destructive inspection 


testing. Castings can be supplied in any weight 


from a few ounces to 6 cwts. 


melt and cast in a vacuum in special cases. 


the accent is on quality, rather than on quantity, 


callin Willans at once ! 


SITUATIONS VACANT. continued 
METALLURGISTS, PHYSLICISTS 


well-known corporation — situeted 
northern New Jersey, U.S.A., with estab- 
lished research and development division 
employing 100) personnel on research 
duties is forming a new group to carry out 
research, development, design, and cus- 
tomer service activities in the industrial 
use of abrasives and polishing. 

Specific experience in this field desirable 
but not a requirement. 

The following positions are open : 

Physicist or research metallurgist. Ph.D. 
or equivalent, Training and /or experience 
in surface physics, cutting, wear, com- 
minuation, solid state theory. 

Metallurgist, physical. B.Se. or M.Se. 
Background in powder metallurgy, or in 


cutting and forming of metals. 


Willans are the people for that 


They can also 


Mechanicel Engineer, machine design. 
B.Se. or M.Se. Knowledge of production 
machinery, metal grinding. 

Chemical engineer. B.Se. 
Pilot plant experience. 

Age 20 to 40. Salary dependent on 
qualifications. Liberal benefits. Appli- 
cants must be prepared to take out U.S. 
Immigration papers and would be inter- 
viewed London after processing of their 
qualifications by director of research in the 
United States. 

Box No. MC42. King 
Street West, Manchester. 


or M.Se. 


MACHINERY PLANT & 
ACCESSORIES WANTED 


TANTED: large or meditm 

spectrograph and ancilliary equipment. 
Must be in first class condition. Box No. 
MC41, 31, King Street 
West. Manchester 3. 


quartz 


If 


G. L. WILLAN (CASTINGS) LTD 


Sussex Street, Sheffield, 4. 


METALLURGIA, December, 1958 


Telephone : 


SITUATIONS VACANT — continued 


METALLURGIST required for research 

and development laboratory. Must 
he fully conversant with heat-treatment 
techniques and preferably have a know- 
ledge of metallography physical 
methods of analysis. Permanent position 
with good future prospects. Pension 
Scheme. Apply in writing to—Chief 
Metallurgist, Wild-Barfield Electric Fur- 
naces, Ltd., Eleefurn Works, Watford 
By-Pass, Watford, Herts. 


MACHINERY PLANT & 
ACCESSORIES FOR SALE 


CAPACITY 


joo LB 
FURNACE 


MORGAN TILTING 
arranged for oil firing. Completely 
relined. Complete with Sturtevant 20 
type & Blower and Motor, and 5 spare 
graphite crucibles. 
Enquiries to 
Carnwath Road, 
Telephone : 


BRASS 


Whiffen & Sons Ltd., 
Fulham, S.W.6. 
Renown 3410 


METALLOGRAPHIC 
MOUNTING MEDIUM 
.H.P. Mounting Plastic, a cold-curing 
acrylic resin, permits the rapid mount- 
ing of metallographic specimens without 
the aid of heat or pressure. 

It calls for the minimum of equipment 
and skilled attention and yet gives a 
close, tight mount, capable of a high 
degree of edge preparation. 

Used routinely by many leading manu- 


facturers. Full details on request to the 
makers: NORTH HILL PLASTICS, 
LTD., MANLEY COURT, LONDON, 
N.i6. 
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PURE FUSED SILIC 


DIPPING TUBES 


Casting temperatures are critical ! 
Vitreosil, pure fused silica, sheaths 
used in the Quick Immersion 
Thermocouple Technique have 
obviated erratic judgement of 
casting temperatures in modern 
nedwarks and foundries all over 
the world. A single dip into 
the molten metal gives the true 
temperature in seconds. 

No more reject castings through 
too hot, or too cold, tapping, if you 
turn to Vitreosil — for accurate, 
up-to-date control. 


THE THERMAL 


BY 
Box N26, WALLSEND, NORTHUMBERLAND 
Telephone: Wallsend 63242 


LONDON: 12-14, OLD PYE STREET, WESTMINSTER S.W.1. 
Telephone: Abbey 5469 


‘ 
4 
A 


R EVERY 


HALE. HALE port sich, 


CRAMS: ‘HALEFO’ TIPTON. PHONES: TIPTON I671/5 


» 
4 
| 
| | 
j 
INDUSTRY 


/ 
; 
| 
= 
; 
H 
j 


